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HJKJRlECROSreTXCTOR-a KHD -B RECEPTORS 
BACKGROUND OF THE INVENTION 



The present invention relates generally to cytokine receptors and more specifically to tumor necrosis 

s factor receptors. , 

Tumor necrosis factor-a (TNFa. also known as cachectln) and tumor necrosis factor-* (TNFfl. also 
known as lymphotoxln) are homologous mammalian endogenous secretory proteins capable of Inducing a 
wide variety of effects on a large number of cell types. The great similarities tn the structural and functional 
characteristics of these two cytokines have resulted In their collective description as "TNF." Complementary 

io cDNA clones encoding TNFa (Pennies et el.. rVafure 3/2:724. 1084) and TNF* (Gray et aL. Nature 
3/2721. 1884) have been isolated, permitting further structural and biological characterization w "NF. 

TNF proteins initiate their biological effect on cells by binding to specific TNF receptor (TNF-R) proteins 
expressed on the plasma membrane of a TNF-responsive cell. TNFa and TNF* were first shown to bind to 
a common receptor on the human cervical cardnoma cell line ME-180 (Aggarwal et al.. Nature 

16 3 1 8:665, 1 985). Estimates of the size of the TNF-R determined by affinity labeling studies ranged from 54 to 
175 kDa (Creasey et al, Proc. Natl. Acad. Scl. USA 84:3283, 1887; Stauber et al.. J. Biol. Chem. 
263:19098. 1988; Hohmann et el.. J. Biol. Chem. 264:14827. 1889). Although the relationship between 
these TNF-Rs of different molecular mass is unclear. Hohmann et al. (J. Biol. Chem. 264:1 4827^ 1 889) 
reported that at least two different cell surface receptors for TNF exist on different cells kDa. respectively. 

so None of the above publications, however, reported the purification to homogeneity of cell surface TNF 
receptors. 

In addition to cell surface receptors for TNF, soluble proteins from human urine capable of binding TNF 
have also been identified (Peetre et al.. Eur. J. Haematol 41:414, 1988; SecWnger et al.. J. 6» MA 
f67-15l1 1888; SecWnger et al.. J. Biol. Chem. 264:11866. 1888; UK Patent Application. Publ. No. 2 218 

» 101 A to SecWnger et al.: Engelmann et al.. J. Biol Chem. 264:11974. 1989). The soluble urinary TNF 
binding protein tflsdosed by UK 2 216 101 A has a partial N-termlnal amino add sequence of Asp-Ser-Val- 
Cys-Pro-. which corresponds to the partial sequence disclosed later by Engelmann et al. (1989). The 
relationship of the above soluble urinary binding proteins was further elucidated after original parent 
application (U.S. Serial No. 403.241) of the present application was filed, when Engelmann et al. reported 

ao the identification and purification of a second distinct soluble urinary TNF binding protein having an N- 
terminal amino acid sequence of Val-Ala-Phe-Thr-Pro- {4 Biol. Chem. 26*1531. 1990). The two urinary 
proteins disclosed by the UK 2 218 101 A and the Engelmann et al. publications were shown to be 
immunochemical^ related to two apparently distinct cell surface proteins by the ability of antiserum against 
the binding proteins to inhibit TNF binding to certain cells. 

w More recently, two separate groups reported the tnotecufar cloning and expression of a human 55 kDa 
TNF-R (Loetscher et al.. Cell 67:351. 1980; Schsll et al.. Cell 6*361. 1990). The TNF-R of both groups has 
an N-termlnal amino acid sequence which corresponds to the partial amino add sequence of the urinary 
binding protein disclosed by UK 2 218 101 A. Engelmann et al. (1889) and Engtelmann et al. (1990). 

In order to elucidate the relationship of the multiple forms of TNF-R and soluble urinary TNF binding 

40 proteins, or to study the structural and biological characteristics of TNF-Rs end the role played by TNF-Rs 
in the l e su u mes of various eel populations to TNF or other cytoWne stimulation, or to use TNF-Rs 
effectively In therapy, diagnosis, or assay, purified compositions of TNF-R are needed. Such compositions, 
however, are obtatnabte In practical yields only by cloning and expressing genes encoding the receptors 
using recombinant DNA technology. Efforst to purify the TNF-R molecule for use in biochemical analysis or 

45 to clone and express mammalian genes encoding TNF-R. however, have teen Impeded by lack of a 
suitable source of receptor protein or mRNA Prior to the present Invention, no cell fines were known to 
express high levels of TNF-R cwwtitutively and continuously, which precluded purification of receptor for 
sequencing or construction of genetic Bananas for eDNAdoning. 
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SUMMARY OF THE INVENTION 



The present invention provides isolated TNF receptors and DNA sequences encoding mammalian 
tumor necrosis factor receptors (TNF-R). in particular, human TNF-Rs. Such DNA sequences Include (a) 
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cDNA clones having a nucleotide sequence derived from the coding region of « ™tive TNF-R gene: <M 
se^enceT which are capable* hybridization to the cDNA donee of (a) under moderately rtlngent 

degenerate as a result of the genetic code to the DNA sequences defined in (a) and lfl>) and which encooe 
SSX active TNF-r molecules. In particular, the present Invention provides DNA sequences which 

^SZEStt provides record ^^2^^ 
defined above, recombinant TNF-R molecules produced using the recombn^e^ression vectors, and 

^Z^JZSZZS £35 SS* TNF-R, „d. in 

^^S2Tt«« ~nporftion. to, «» * «™ ^S^ptor 
raising antibodies to TNF-R. comprising effective quantities of soluble native or recombinant receptor 

proteins prepared according to the foregoing processes. -..je-j TNF-R eomDoarb'ons 

Becauseof the ability of TNF to specifically bind TNF receptors (TNMs). 

detailed description. 



BRIEF DESCRIPTION OF THE DRAWINGS 

26 Rgure 1 is a schematic representation of the ceding region of various ^cDNAs encoding human and 
murine TNF-Rs. The leader sequence is hatched and the transmembrane ^on is solldL 
Sgure 2A-2B depict the partial cDNA sequence and derived I amnio aod ™™ n ™?^Z ^ Je 
clone 1. Nucleotides are numbered from the beginning of the 5 untranslated ^'^■J^'"™'^ 

M numbered from the beginning of the signal peptide sequence. The ^"'ZI^Ir To^ is 
represented by the amino Kids -22 to -1. The N-termlnal leucine of *e ^^^"P: 0 ^^,^ 
underlined at pos'tfon 1. The predicted transmembrane ^io" Jom ^no ec,ds 236 to 265 Is also 

amino acids 234 to 265 is also underlined. 

DETAILED DESCRIPTION OF THE INVENTION 



Definitions 



so 



. . . ^ .T N p r^ceotor" and TNF-R* refer to proteins having amino acid sequences 

Hi»* TNF-R hound 125 !-TNF* with an apparent K, of about 2 x 10 s M . ine rarms mrrvwpim w 
S ■ inS St^e not MM to. aruEgTor auburuts of native proteins having at least 20 amino adds and 
whi h exhibit atleaS »ome biologic* activity .n common wm, ^^^•^'^^ 
constructs which are devoid of a transmembrane region (and are *™ *J .fZif below 

abilSto bind TNF. Various bioequlvalent protein and amino add analogs are described In detail below. 
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The nomenclature for TNF-R analogs as used herein follows the convention of naming the protein (e.g., 
TNF-R) preceded by either hu (for human) or mu (for murine) and followed by a A (to designate a deletion) 
and the number of the C-terminal amino add. For example. huTNF-RA235 refers to human "mF-R tevino 
Asp 2 * as the Oterminal amino acid (l.e.. a polypeptide having the sequenoe of amino acids 1-235 of Figure 
2A) In the absence of any human or murine species designation. TNF-R refers genetically to mammalian 
TNF-R. Similarly, in the absence of any specific designation for deletion mutants, the term TNF-R means all 

forms of TNF-R. Including mutants and analogs which possess TNF-R biological activity. 

"Soluble TNF-R" or "sTNF-R" as used in the context of the present Invention refer to proteins, or 
substantially equivalent analogs, having an amino acid sequence corresponding to all 
extracellular" region of a native TNF-R, for example. huTNF-RA235 huTNF-RAlB5 ndhl^M 63. or 
amino acid sequences substantially simitar to the sequences of amino acids 1-163. amino adds i-iBoV or 
amino acids 1-235 of Figure 2A. and which are biologically active in Ihet they bind to TNF ligand. 
Equivalent soluble TNF-Rs include polypeptides which vary from these »^ nc88 ^ K1 ° n ? N " ™™ 
institutions, deletions, or additions, and which retain the ability to bind Jiff »HWl J™**"J 
transduction activity via cell surface bound TNF receptor proteins, for example huTNF-RAx. wherein x is 
selected from the group consisting of any one of amino adds 163-235 of Figure 2A. Analogous 4***°™ 
may be made to muTNF-R. inhibition of TNF signal transduction activity can be determined by transfectng 
cells with recombinant TNF-R DMAs to obtain recombinant receptor expression. The ceHs are then 
contacted with TNF and the resulting metabolic effects examined, ff an effect resutts which is attributable to 
the action of the ligand. then the recombinant receptor has signal transduction activity. Bteniplary 
procedures for determining whether a polypeptide has signal transduction activity are dlsciose^by Wzerda 
eVaL J. Exp. Med. 1 7f:86i (1990); Curtis el al.. Proc. Natl. Acad. Scl. USA 66*045 (1989); Prywes et al.. 
EMBO J. 6:2178(1986) and Chou et al.. J. Biol. Cham. 26*1842 (1887). Alternatively, primary cells or ceH 
lines which express an endogenous TNF receptor and have a detectable biological response to TNF could 

Also bo utilized. ... * 

The term "isolated" or "purified", as used in the context of this specification to define the purity of 
TNF-R protein or protein compositions, means that the protein or protein composition Is substantially free ot 
other proteins of natural or endogenous origin and contains less than about 1% by mass of protein 
contaminants residual of production processes. Such compositions, however, can contain other proteins 
added as stabilizers, carriers, exclpients or co-therapeutics. TNF-R Is Isolated if It Is detectable as a single 
protein band in a polyacrylamide gel by silver staining. 

The term "substantially similar." when used to define either amino add or nudelc add sequences, 
means that a particular subject sequence, for example, a mutant sequence, varies from a reference 
sequence by one or more substitutions, deletions, or additions, the net effect of which is to retain biological 
activity of the TNF-R protein as may be determined, for example. In one of the TNF-R binding assays set 
forth in Example 1 below. Alternatively, nucleic acid subunfts and analogs are "substantially similar to the 
specific DNA sequences disclosed herein If: (a) the ONA sequence is derived from the coding region of a 
native mammalian TNF-R gene; (b) the ONA sequence is capable of hybridization to DNA sequences of (a) 
under moderately stringent conditions (SO'C. 2x BSC) and which encode biologically active TNF-R 
molecules; or DNA sequences which are degenerate as a result d the genetic code to the DNA sequences 
defined In (a) or (b) and which encode biologically active TNF-R molecules. 

"Recombinant" as used herein, means that a protein Is derived from recombinant (e.g.. microbial or 
mammalian) expression systems. "Microbial" refers to recombinant proteins made In bacterial or fungal 
(eg . yeast) expression systems. As a product, "recombinant microbial" defines a protein produced in a 
microbial expression system which Is essentially free d native endogenous substances. Protein expressed 
in most bacterial cultures. e.g.. E. coll. will be free d glycan. Protein expressed in yeast may have a 
olycosylation pattern different from that expressed In mammalian cells. 

•Biologically active." as used throughout the apedfication as a characteristic of TNF receptors, means 
that a particular molecule shares sufficient amino add sequence similarity with the embodiments of the 
present Invention disclosed herein to be capable of binding detectable quantities of TNF. tjansmlttfnga TNF 
stimulus to a cell, for example, as a component of a hybrid receptor construct, or cross-reacting with antl- 
TNF-R antibodies raised against TNF-R from natural (l.e.. nonrecombinant) sources. Preferably, biologically 
active TNF receptors within .the scope of the present Invention are capable of binding greater than 0.1 
nmoles TNF per nmde receptor, and most preferably, greater than 0.5 nmole TNF per nmole receptor in 
65 standard binding assays (see below). 

-Isolated DNA sequence" refers to a DNA polymer. In the form of a separate fragment or as a 
component of a larger DNA construct, which has been derived from DNA Isolated at least once in 
substantially pure form. i.e.. free of contaminating endogenous materials and In a quantity or oonoantration 
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enabling Identification, manipulation, and recovery of the sequence and Ha component nucleotide se- 
quences by standard biochemical methods, for example, using a cloning vector. Such sequences are 
preferably provided In the form of an open reading frame uninterrupted by Internal nontranslated se- 
quences, or Introns. which are typically present In eukaryotJc genes. Genomic DNA containing the relevant 
sequences could also be used as a source of coding sequences. Sequences of non-translated DNA may be 
present 5' or 3' from the open reading frame, where the same do not Interfere with manipulation or 

expression of the coding regions. „ 

-Nucleotide sequence" refers to a heteropolymer of deoxyrtbonucleotides. DNA sequences encoding 
the proteins provided by this Invention can be assembled from cDNA fragments and short oligonucleotide 
linkers, or from a series of oligonucleotides, to provide a synthetic gene which Is capable of being 
expressed In a recombinant transcriptional unit 

Isolation of cDNAs Encoding TNF-R 

The coding sequence of TNF-R is obtained by Isolating a complementary DNA (cDNA) sequence 
encoding TNF-R from a recombinant cDNA or genomic DNA library. A cDNA library Is preferably 
constructed by obtaining polyadenylated mRNA from a particular cell One which expresses a mammalian 
TNF-R. for example, the human fibroblast cell line Wl-26 VA4 (ATCC CCL 85.1) and using the mRNA as a 
20 template for synthesizing double stranded cDNA. The double stranded cDNA Is then packaged into a 
recombinant vector, which Is Introduced Into an appropriate £ coll strain and propagated. Murine or other 
mammalian cell lines which express TNF-R may also be used. TNF-R sequences contained In the cDNA 
library can be readily identified by screening the library with an appropriate nucleic add probe which is 
capable of hybridizing with TNF-R cDNA. Alternatively. DNAs encoding TNF-R proteins can be assembled 
25 by ligation of synthetic oligonucleotide subunits corresponding to all or part of the sequence of Figures 2A- 
2B or 3A-3C to provide a complete coding sequence. 

The human TNF rec eptor cDNAs of the present Invention were isolated by the method of direct 
expressi on cl oning. A c DNA " ■Ibiary was uwfe tructed by first Isolating cytoplasmic mRNA from the human 
' fibroblast cell line Wl-26 VA4. Polyadenylated RNA was Isolated and used to prepare double-stranded 
so cDNA. Purified cDNA fragments were then llgated Into pCAV/NOT vector DNA which uses regulatory 
sequences derived from pDC20l (a derivative of pMLSV. previously described by Cosman et al.. Waft/re 
3/2768. 1884). SV40 end cytomegalovirus DNA. described in detail below in Example 2. pCAV/NOT has 
been deposited with the American Type Culture Collection under accession No. ATCC 68014. The 
pCAV/NOT vectors containing the WI26-VA4 cDNA fragments were transformed Into E. coll strain DH5a. 
ss Transformants were plated to provide approximately 800 colonies per plate. The resulting colonies were 
harvested and each pool used to prepare plasmld DNA for transection into COS-7 cells essentially as 
described by Cosman et al. {Nature 372:768. 1984) and Luthman et al. (Nucl Acid Res. 11:1295. 1983). 
Transformants expressing biologically active cell surface TNF receptors were Identified by screening for 
their ability to bind '»I-TNF. In this screening approach, transfected COS-7 cells were Incubated with 
40 medium containing '»»-TNF. the cells washed to remove unbound labeled TNF. and the cell monolayers 
contacted with X-ray film to detect concentrations of TNF binding; as disclosed by Sims et al. Science 
24 1.S8S (1888). Transfectants detected In this manner appear as dark fod against a relatively light 

^Usinglhis approach, approximately 240.000 cDNAs were screened In pools of approximately 800 
45 cDNAs until assay of one transfectant pool Indicated positive foci for TNF binding. A frozen atock of 
bacteria from this positive pool was grown In culture and plated to provide individual colonies, which were 
screened until a single clone (done 11) was identified which was capable of directing synthesis of a surface 
protein with detectable TNF binding activity. The sequence of cDNA clone 1 1 isolated by the above method 
Is depicted in Figures 3A-3C. 
so Additional cDNA clones can be Isolated from cDNA libraries of other mammalian species by eross- 
epecies hybridization. For use in hybridization. DNA encoding TNF-R may be covalentJy labeled with a 
detectable substance such as a fluorescent group, a radioactive atom or a chemllumlnescent group by 
methods well known to those skilled In the art Such probes could also be used for In vitro diagnosis of 
particular conditions. 

as Like most mammalian genes, mammalian TNF receptors a re presumably encoded by mult-exon g enes. 
Alternative mRNA constructs which can be attributed to different mRNA splicing events following trertscnp- 
tlon. and which share large regions of Identity or similarity with the eONAs claimed herein, are considered 
to be within the scope of the present Invention. 
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Other mammalian TNF-R cONAs are Isolated by using an appropriate human TNF-R DMA sequence as 
a probe for screening a particular mammalian cDNA library by cross-species hybridization. 



s Proteins and Analogs 



The present Invention provides Isolated recombinant mammalian TNF-R polypeptides. Isolated TNF-R 
polypeptides of this Invention are substantially free of other contaminating materials 
enouY origin and contain less than about 1% by mass of protein contaminants resldu^of p^uction 
,o processes. The rutive human TNF-R molecules are recovered ^ ^ ^J^ffS^S^^JL 
apparent molecular weight by 80S-PAQE of about 80 Mtodaltona (kDa). The TNF-R polypeptides of this 
Invention are optionally without associated native-pattern glycosylation. 

Mammalian TNF-R of the present Invention Includes, by way of example. P ri T?*!^' h ^^ 
canine, feline, bovine, ovine, equine and porcine TNF-R. Mammaflan J^^^^f^^ 0 ^ 
is species hybridization, using a single stranded cDNA derived from the human TNF-R DNA sequence as a 
hybridization probe to Isolate TNF-R cDNAs from mammalian cDNA libraries. 

Derivatives of TNF-R within the scope of the Invention also Include various structural forms of the 
primary protein which retain biological activity. Due to the presence of lonlzable amino ^c^xyl groups, 
for example, a TNF-R protein may be In the form of acidic or basic sate, or may be In neutral form. 

so individual amino acid residues may also be modified by oxidation or reduction. . n . ... 

The primary amino acid structure may be modified by forming covalent or aggregative ^Jugate . with 
other chemical moieties, such as glycosyl groups, lipids, phosphate, acetyl groups and the Jlke.o Jby 
creating amino acid sequence mutants. Covalent derivatives are prepared by Unking particular 
groups to TNF-R amino acid side chains or at the N-or C-termini. Other derivatives of TNF-R «ta the 
as scope of this Invention include covalent or aggregative conjugates of TNF-R or its 

proteins or polypeptides, such as by synthesis in recombinant culture « ^rrninal taom. 
For example the conjugated peptide may be a a signal (or leader) polypeptide f«°^»* the ^mmal 
region of the protein which co-translatlonally or post-translatlonally directs transfer of *» protein from to 
site of synthesis to its site of function inside or outside of the cell membrane or wall (e .g. the yeast --factor 
so leader). TNF-R protein fusions can comprise peptides added to facilitate PunAcation or i^r^tion crfTNF- 
R (e o . poly-His). The amino acid sequence of TNF receptor can also be linked to the peptide Asp-Tyr-Lys- 
Asp^ As^p-Asp-Lys (DYKDDDDK) (Hopp et al.. fl/o/Tecnnofooy 6:1204.1988.) The MM jequence _ is 
highly antigenic and provides an epitope reversibly bound by a specific monoclonal ■"•^J^J 
rapid assay and facile purification of expressed recombinant protein. This sequence Is also 
ss cleaved by bovine mucosal enteroklnase at the residue Immediately following the Asp-Lys pairing. Fus.on 
proteins capped with this peptide may also be resistant to Intracellular degradation In E. eon. 

TNF-R derivatives may also be used as Immunogens. reagents In receptor-based immunoassays, or as 
binding agents for affinity purification procedures of TNF or other binding Hgands. TNF-R *rrvrtves may 
also be obtained by cross-linking agents, such as M-meieimidobenzoyl succinlmlde ester and N-hydrox- 
40 ysuccinimide. at cysteine and lysine residues. TNF-R proteins may also be covalerty bound trough 
reactive side groups to various Insoluble substrates, such as cyanogen bromio^acbv^ Wso»r^»- 
activated. carbonyldiimidazole-activated or tosyl^ctivated agarose structures, or by adsorbing topolyolefin 
eurfsces (with or without glutaraldehyde cross-iinWng). Once bound to a substrate, TNF-R may be used to 
selectively bind (for purposes of assay or purification) antl-TNF-R antibodies or TNF. 
<s lie present Inventionalso includes TNF-R with or without associated native-patternglycoeylation. TNF- 
R expressed In yeast or mammalian expression systems, e.g.. COS-7 colls, may be similar or elightiy 
different In molecular weight and glycosylation pattern than the native molecules depending upon > the 
expression system. Expression of TNF-R DNAs In bacteria such as £. coll prides glycosylated 
molecules. Functional mutant analogs of mammalian TNF-R having Inactivated N-fllycosylation sites can be 
so produced by oligonucleotide synthesis and Ugation or by sHe-specfflc mutagenesis techniques. These 
analog proteins can be produced In a homogeneous. reducecHaubohydrate form In good yield using yeast 
expression systems. N-glycosylation sites in eukaryotic proteins are characterized by the amino acid tnpiet 
Asn-A,-Z. where A, is any amino add except Pro. and Z is Ser or Thr. in this sequence. "f^™ 
provides a side chain amino group for covalent attachment of carbohydrate. Such a ate can be eliminated 
ss by substituting another amino acid for Asn or for residue Z. deleting Asn or Z. or inserting a non-Z ammo 
acid between Ai and Z. or an amino acid other than Asn between Asn and Ai. t 

TNF-R derivatives may also be obtained by mutations of TNF-R or its subunlts. A TNF-R mutant, as 
referred to herein, is a polypeptide homologous to TNF-R but which has an amino add sequence different 
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from native TNF-R because of a deletion. Insertion or substitution. 

Bioequivalent analogs of TNF-R proteins may be constructed by. for example, making vanous 
substitutions of residues or sequences or deleting terminal or Internal residues or sequences not ™*>edf°' 
biological activity. For example, cysteine residues can be deleted (e.g.. Cys'") or replaced with other 
8 amino acids to prevent formation of unnecessary or Incorrect Intramolecular disutflde bridges upon 
renaturation. Other approaches to mutagenesis involve modification of adjacent dibasic amino acid residues 
to enhance expression in yeast systems In which KEX2 protease activity is present Generally, aubatitijtions 
should be made conservatively; i.e.. the most preferred substitute amino acids are ttose having 
physiochemical characteristics resembling those of the residue to be replaced. Similarly, when i a deletion or 
io Insertion strategy is adopted, the potential effect of the deletion or insertion on biological activity should be 
considered. Substantially similar polypeptide sequences, as defined above, generally comprise a me 
number of amino acids sequences, although C-termlnal truncations for the purpose ^ i co [^^" 0 T ^' e 
TNF-Rs will contain fewer amino acid sequences. In order to preserve the biological activrty of TNF-Rs. 
deletions and substitutions will preferably result in homologous or conservatively substituted sequences, 
is meaning that a given residue Is replaced by a biologically similar residue. Examples of conservative 
substitutions include substitution of one sliphstic residue for another, such as lie. Val. Lau. or Ate tor one 
another, or substitutions of one polar residue for another, such as between Lys and Arg: Qlu and Asp: or 
Gin and Asn. Other such conservative substitutions, for example, substitutions of entire regions having 
similar hydrophoblcfty characteristics, are well known. Moreover, particular amino add ^enoes between 
20 human, murine and other mammalian TNF-Rs is suggestive of additional conservative substitutions that 
may be made without altering the essential biological characteristics of TNF-R. 

Subunits of TNF-R may be constructed by deleting terminal or Internal residues or sequences. 
Particularly preferred sequences include those In which the transmembrane region and intracellular domain 
of TNF-R are deleted or substituted with hydrophlilc residues to facilitate secretion of the «*eptor into the 
cell culture medium. The resulting protein is referred to as a soluble TNF-R molecule which retains its 
ability to bind TNF. A particularly preferred soluble TNF-R construct is TNF-RA235 (the ^ ue ^f2 
acids 1-235 of Figure 2A). which comprises the entire extracellular region of TNF-R. terminating with Asp" 
Immediately adjacent the transmembrane region. Additional amino adds may be deleted from the trans- 
membrane region while retaining TNF binding activity. For example. huTNF-RA1B3 which comprises ttie 
sequence of amino adds 1-183 of Figure 2A. and TNF-RA163 which comprises the sequence of amino 
adds 1-163 of Figure 2A. retain the ability to bind TNF ligand as determined using the binding assays 
described below in Example 1. TNF-RA142. however, does not retain the ability to bind TNF ligand. This 
suggests that one or both of Cys'" and Cys'" is required for formation of an Intramolecular disulfide 
bridge for the proper folding of TNF-R. Cys"«. which was deleted without any apparent adverse effect on 
j$ the ability of the soluble TNF-R to bind TNF. does not appear to be essential for proper folding of TNF-R. 
Thus, any deletion C-terminal to Cys 1 " would be expected to reeuK In a biologically active soluble TNF-R 
The present Invention contemplates such soluble TNF-R constructs corresponding to all or part of the 
extracellular region of TNF-R terminating with any amino acid after Cys 1 ". Other C-terminal deletions, such 
as TNF-FA157. may be made as a matter of convenience by cutting TNF-R cDNA with appropriate 
40 restriction enzymes and. If necessary, reconstructing specific sequences with synthetic ongonudeotide 
linkers. The resulting soluble TNF-R constructs are then inserted and expressed in appropriate expression 
vectors and assayed for the ability to bind TNF. as described in Example 1. Biologically active soluble TNF- 
Rs resulting from such constructions are also contemplated to be within the scope of the present Invention. 
Mutations In nucleotide sequences constructed for expression of analog TNF-R must of course. 
46 preserve the reading frame phase of the coding sequences and preferably will not create complementary 
regions that could hybridize to produce secondary mRNA structures such as loops or hairpins which would 
adversely affect translation of the receptor mRNA. Although a mutation site may be predetermined. It is not 
necessary that the nature of the mutation per se be predetermined. For example, in order to select for 
optimum characteristics of mutants at a tfren site, random mutagenesis may be conducted at the target 
to codon and the expressed TNF-R mutants screened for the desired activity. 

Not all mutations m the nucleotide sequence which encodes TNF-R will be expressed In the final 
product, for example, nucleotide substitutions may be made to enhance expression, primarily to avoid 
secondary structure loops In the transcribed mRNA (see EPA 7S.444A. Incorporated herein by reference), 
or to provide codons that are more readily translated by the selected host e.g.. the well-known E. coll 
ts preference codons for E. coll expression. 

Mutations can be Introduced at particular loci by synthesizing oligonucleotides containing a mutant 
sequence, flanked by restriction sites enabling ligation to fragments of the native sequence. Following 
ligation, the resulting reconstructed sequence encodes an analog having the desired amino add insertion. 
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substitution, or deletion. , . , . . 

Alternatively, oligonucleoti de-directed site-specific mutagenesis procedures can be employed to provide 
an altered gene having particular codons altered according to the substitution, deletion, or Insertion 
required. Exemplary methods of making the alterations set forth above are disclosed by Welder et bJ. (Gene 
42133. 1986); Bauer et al. {Gene 37:73. 1985): Cralk (BloTechnlques. January 1985. 12-19): 8™*™ «• 
(Genetic Engineering: Principles and Methods. Plenum Press, 1981): and U.S. Patent Nos. 4.518.584 and 
4.737.462 disclose suitable techniques, and are incorporated by reference herein. 

Both monovalent forms and polyvalent forms of TNF-R are useful In the compositions and methods of 
this Invention. Polyvalent forms possess multiple TNF-R binding sites for TNF flgand. For • 
bivalent soluble TNF-R may consist of two tandem repeats of amino adds 1-235 of Figure 2A. separated by 
a linker region. Alternate polyvalent forms may also be constructed, for example, by chemically coupling 
TNF-R to any clinically acceptable carrier molecule, a pofymer selected from the group consisting of neon, 
polyethylene glycol or dextran using conventional coupling techniques. Alternatively. TNF-R may be 
chemically coupled to blotln, the btotJn-TNF-R conjugate then allowed to bind to evidln, resutbng in 
tetravalent avidin/biotirvTNF-R molecules. TNF-R may also be covalently coupled to dlnltrophenol (DNP) or 
trinitrophenol (TNP) and the resulting conjugate precipitated with antl-DNP or antf-TNP-kjM. to form 
decameric conjugates with a valency of 10 for TNF-R binding sites. 

A recombinant chimeric antibody molecule may also be produced having TNF-R sequences substituted 
for the variable domains of either or both of the Immunoglubulin molecule heavy and light chains and 
having unmodified constant region domains. For example, chimeric TNF-R/IgG, may be produced from two 
chimeric genes - a TNF-R/human « light chain chimera (TNF-R/C.) and a TNF-R/human T , heavy chain 
chimera fTNF-R/C-). Following transcription and translation of the two chimeric genes, the gene products 
assemble into a single chimeric antibody molecule having TNF-R displayed bivalentJy. Su* polyvalent 
forms of TNF-R may have enhanced binding affinity for TNF ligand. Additional details relating to the 
construction of such chimeric antibody molecules are disclosed In WO 89/09622 and EP 315062. 



Expression of Recombinant TNF-R 

The present invention provides recombinant expression vectors to amplify or express DNA encoding 
TNF-R. Recombinant expression vectors are replicable DNA constructs which have synthetic or cDNA- 
derived DNA fragments encoding mammalian TNF-R or bioequivalent analogs operably finked to suitable 
transcriptional or translations! regulatory elements derived from mammalian, microbial, viral or insect genes. 
A transcriptional unit generally comprises an assembly of (1) a genetic element or elements having a 
regulatory role in gene expression, for example, transcriptional promoters or enhancers. (2) a structural or 
coding sequence which is transcribed into mRNA and translated Into protein, and (3) appropriate transcrip- 
tion and translation initiation and termination sequences, as described in detail below. Such regulatory 
elements may include an operator sequence to control transcription, a sequence encoding suitable mRNA 
ribosomal binding sites. The ability to replicate In a host usually conferred by an origin of replication, and a 
selection gene to facilitate recognition of transformer^ may additionally be incorporated. DNA regions are 
operably linked when they are functionally related to each other. For example. DNA for a signal peptide 
(secretory leader) is operably linked to DNA for a polypeptide If ft Is expressed as a precursor which 
participates in the secretion of the polypeptide: a promoter is operably linked to a coding sequence If It 
controls the transcription of the sequence: or a ribosome binding site is operably finked to a coding 
sequence If it is positioned so as to permit translation. Generally, operably linked means contiguous and. n 
the case of secretory leaders, contiguous and in reading frame. Structural elements Intended for use m 
yeast expression systems preferably include a leader sequence enabling extracellular secretion of trans- 
lated protein by a host cell. Alternatively, where recombinant protein is expressed without a leader or 
transport sequence, It may Include an N-termlnal methionine residue. This residue may optionally be 
subsequently cleaved from the expressed recombinant protein to provide a final product 

DNA sequences encoding mammalian TNF receptors which are to be expressed In a microorganism 
will preferably contain no introns that could prematurely terminate transcription of DNA Into mRNA; 
however, premature termination of transcription may be desirable, for example, where ft would result in 
mutants having advantageous C-termlnal truncations, for example, deletion of a transmembrane region to 
yield a soluble receptor not bound to the cell membrane. Due to code degeneracy, there can be 
considerable variation In nucleotide sequences encoding the same amino acid sequence. Other embodi- 
ments include sequences capable of hybridizing to the sequences of the provided cDNA under moderately 
stringent conditions (50* C. 2x SSC) and other sequences hybridizing or degenerate to those which encode 
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biologically active TNF receptor polypeptides. . m #w __ rl . in „ . 

Recombinant TNF-R DNA Is expressed or amplified In a recombinant expression system a 
•ubstantJally homogeneous monoculture of suitable host microorganisms, for example, bacteria ^such as £ 
ST yeast sue? as S. corevltiae, which have stably Integrated (by ^^ om ^° n JV^f^°"! " 
recombinant transcriptional unit Into chromosomal DNA or carry the recombinant trar^c^alunrt as a 
^pVnent of a resident plasmid. Generally, cells constituting the eystemare *e pregenyd fa .Ingle 
SXal transforms. Recombinant expression systems as defined herein w.ll 
JSin upon induction of the regulatory elements linked to the DNA sequence or synthetic gene to be 

eXP TntSormed host cells are cell, which have been trantfOrmed or transected wtth^F-R vector^ 
constructed using recombinant DNA techniques. Transformed^ ^ ™S£ 

cells transformed for purposes of cloning or amplifying TNF-R DNA do not need 
Expressed TNF-R will be deposited in the cell membrane or secreted Into ^J^™ 
Sending on the TNF-R DNA selected. Suitable host cells for expresslor^ mammalia TNF^Ir^ude 
Ss yeast or higher eukaryotJc cells under the control of appropriate P"£»"^£^ 
Se gram negative or gram positive organisms, for example E. <* u «™ n lJ«^ n °*^^ d 

Elsevier. New York. 1985). the relevant disclosure of which Is hereby "corporated * TJrSr. extensive 
Prokaryotlc expression hosts may be used for expression of TNF-R that do not e ™™™ 
protege and disulfide processing. Prokaryotic expression vectors c^nerany c«npns. ™ * more 
phenotypic selectable markers, for example a gene encoding proteins conferring "^'7^ Je 
Applying an autotrophic requirement, and an origin of ?c£l^ £X 

amplication within the host Suitable prokaryotic hosts for transformation ^Jj^'™^*™ 
Salmonella typhlmurlum, and various species within the genera Pseudomonas. Streptomyces, and 
Staphylococcus, although others may also be employed as a matter of choice. 

Useful expression vectors for bacteria, use can comprise a se tectable ^er and 
replication derived from commercially available plasmlds comprising genetic ^ *• 
Hnninn uAetor oBR322 (ATCC 37017). Such commercial vectors Include, for example. pKKZZ3-3 
tZZ^L P ™*J?Z^ -d P0EM1 (Promega ^^^^^ 

PBR322 "backbone- sections are combined with an appropriate promoter and the ^ctural ^«* nwto * 
expressed E coll is typically transformed using derivatives of pBR322. a plasm.d derived from w i £co// 
sp^es (Botaf et «l Gene 295. 1977). pBR322 contains genes for amplcillin and tetracyclme resistance 

and thus provides simple means for identifying transformed cells. . . . ^ - i nrtflmMe 

Promoters commonly used In recombinant microti •*»■»»< ^.S^^tSSS^ST 
(penicillinase) and lactose promoter system (Chang et al.. ^^SJS^Sm 
Nature P8f-544 1979) the tryptophan (trp) promoter system (Qoeddel et al.. Nucl. Acids Res. *™? 7 > 
ISTarS rSTie S5 ar7ta?promoter7an"atis. IMcrir CM*: 4 *^«12?7 
Ha^r Laboratory, p. 412. 1882). A particular* usaful bactenal ^"^T Ze/ca^VpTcl^ 
promoter and cl857ts thermolabile repressor. Ptaamid ^ SfS^^^SJSaTS^ TSt 
Collection which incorporate derivatives of the X P t promoter Inclu^ plaam d pHUB2. resident in E. con 
strain JMB9 (ATCC 37092) and pPlc28. resident In E. coll RR1 (ATCC 63082). fi 
ReWbinant TNF-R proteins may also be expressed In yeast hosts, preferably from the Sac- 
' cfta^ TecS such as S. cerivlslae. Yeast of other genera, euch as mm 
mVateote employed Yeast vectors will generally contain en origin of replication from the 2U yeast 

SaLd^ aeqince (ARS). ^^^'^^ ZSSiZ 

PoSsdenylation and transcription termination and a selection gene. Preferably, yeast vectors wHl nclude an 

, SZn of reDllcatJon and selectable marker permitting translation of both yeast and £. CO//, e.g. the 
SciSin^isS^^neot £ coll art Scerevlslae TRP1 or URA3 gene which P^d«ajse^on 
S forTrnutant strain of yeast lacking the ability to grow In tryptophan, and a P^oter^^from a 
S3? eSresTeTyeast gene to induce transcription of a structural sequence downstream. The 
5Ttrp7 TorXs lesion in the yeast host cell genome then provides an effective environment for 

i detecting transformation by growth in the absence of tryptophan or uracil. ........ - 

Suitable promoter sequences In yeast vector, include the Promoters for 
phosphSyceSTe Idnm *R»m»i t al.. J. BloL Chen,. 2552073. 1980) or other glyco^c eraymes 
^e« e?i.. J. Adv. Enzyme Mft 7:149. 1968: and Holtand et al.. Blochem. 17:4000. 1978). auch as 
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enolase. glyeeraldehyde-3-phosphate dehydrogenase. hexoWnase. pyruvate decarboxylase, phosphofruc- 
tokinase. glucose-6-phosphate isomerase. 3-phosphoglycerate mutase. pyruvate kinase, triosephosphate 
Isomerase. phosphoglucose Isomerase. and glucoWnase. Suitable vectors and promoters for use In yeast 
expression are further described in R. Htaeman et a!.. EPA 73.657. 

s Preferred yeast vectors can be assembled using DNA sequences from pUClB for selection and 
replication in £ coff (Amp' gene and origin of replication) and yeast DNA sequences Including a glucose- 
repressible AOH2 promoter and .-factor secretion leader. The ADH2 promoter has been described by 
Russell et al. (J. Biol. Chem. 256*674, 1882) and Beler et aL (Nature 300:724, 1882). The yeast --factor 
leader, which directs secretion of heterologous proteins, can be Inserted between the promoter and the 

10 structural gene to be expressed. See. e.g., Kurjan et al., Cell 30833. 1882; and Bitter et al.. Proc. Natl. 
Acad. Scl. USA 8/5330. 1884. The leader sequence may be modified to contain, near its 3 end. one or 
more useful restriction sites to facilitate fusion of the leader sequence to foreign genes. 

Suitable yeast transformation protocols are known to those of skill In the art; an exemplary technique Is 
described by Hlnnen et al.. Proc. Natl. Acad. Scl. USA 75:1929, 1878. selecting for Trp transtormants In a 

is selective medium consisting of 0.87% yeast nitrogen base, 0*% casamino acids. 2% glucose. 10 ug/mi 
adenine and 20 ug/ml uracil or URA+ tranformants in medium consisting of 0.67% YNB. with amino acids 
and bases as described by Sherman et al.. Laboratory Course Manual tor Methods In Yeast Genetics. 
Cold Spring Harbor Laboratory. Cold Spring Harbor. New York. 1886. 

Host strains transformed by vectors comprising the ADH2 promoter may be grown for expression In a 

20 rich medium consisting of 1% yeast extract. 2% peptone, and 1% or 4% glucose supplemented with 80 
ug/ml adenine and 80 iig/m! uracil. Derepression of the ADH2 promoter occurs upon exhaustion of medium 
glucose. Crude yeast supernatant* are harvested by filtration and held at 4" C prior to further purification. 

Various mammalian or Insect cell culture systems are also advantageously employed to express 
recombinant protein. Expression of recombinant proteins in mammalian cells Is particularly preferred 

28 because such proteins are generally correctly folded, appropriately modified and completely functional. 
Examples of suitable mammalian host cell tines include the COS-7 tines of monkey kidney cells, described 
by Gluzman (Cell 23:175. 1881). and other cell tines capable of expressing an appropriate vector Including, 
for example. L cells. C127. 3T3. Chinese hamster ovary (CHO). He La and BHK cell lines. Mammalian 
expression .vectors may comprise nontranscribed elements such as an origin of replication, a suitable 

so promoter and enhancer linked to the gene to be expressed, and other 6 or 3 flanking nontranscribed 
sequences, and 5' or 3' nontranslated sequences, such as necessary ribosome binding sites, a 
polyadenylation site, splice donor and acceptor sites, and transcriptional termination sequences. Baculovirus 
systems for production of heterologous proteins In insect cells are reviewed by Luckow and Summers. 
Blo/Technology 6:47 (1888). 

ss The transcriptional and translational control sequences In expression vectors to be used In transforming 
vertebrate cells may be provided by viral sources. For example, commonly used promoters and enhancers 
are derived from Polyoma. Adenovirus 2. Simian Virus 40 (SV40). and human cytomegalovirus. DNA 
sequences derived from the SV40 viral genome, for example. SV40 origin, early and late promoter, 
enhancer, splice, and polyadenylation sites may be used to provide the other genetic elements required for 

40 expression of a heterologous DNA sequence. The early and late promoters are particularly useful because 
both are obtained easily from the virus as a fragment which also contains the SV40 viral origin of replication 
(Hers et al.. Nature 273:113. 1878). Smaller or larger SV40 fragments may also be used, provided the 
approximately 250 bp sequence extending from the Hind 3 site toward the Bgl\ site located In the viral 
origin of replication is Included. Further, mammalian genomic TNF-R promoter, control and/or signal 

46 sequences may be utilized, provided such control sequences are compatible with the host cell ch osen. 
Additional details regarding the use of a mammalian high expression vector to produce a recombinant 
mammalian TNF receptor are provided In Examples 2 and 7 below. Exemplary vectors can be constructed 
as disclosed by Okayama and Berg (Mol. Cell. Blot. 3*80. 1883). 

A useful system for stable high level expression of mammalian receptor cDNAs In CI 27 murine 

eo mammary epithelial cells can be constructed substantially as described by Cosman et al. (Mol Immunol 
23:835, 1886). 

In preferred aspects of the present invention, recombinant expression vectors comprising TNF-R cDNAs 
are stably integrated into a host cell's DNA. Elevated levels of expression product Is achieved by selecting 
for cell lines having amplified numbers of vector DNA. Cell lines having amplified numbers of vector DNA 
ss are selected, for example, by transforming a host cell with a vector comprising a DNA sequence which 
encodes an enzyme which is Inhibited by a known drug. The vector may also comprise a DNA sequence 
which encodes a desired protein. Alternatively, the host cell may be co-transformed with a second vector 
which comprises the DNA sequence which encodes the desired protein. The transformed or co-transformed 
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host cells are then cultured In Increasing concentrations of the known drug, thereby selecting for drug- 
resistant cells. Such drug-resistant cells survive In increased concentrations of the toxic drug by over- 
production of the enzyme which is Inhibited by the drug, frequently as a resutt of amplification of the gene 
encoding the enzyme. Where drug resistance is caused by an Increase in the copy number of the vector 

6 ONA encoding the inhibitable enzyme, there is a concomitant co-amplification of the vector DNA encoding 
the desired protein (TNF-R) In the host cell's DNA. _ L1 __ 4 

A preferred system for such co-amplification uses the gene for dlhydrotelate reductase (DHFR). whl ch 
can be Inhibited by the drug methotrexate (MIX)- To achieve co-amplification, a host cell which lacks an 
active gene encoding DHFR is either transformed with a vector which comprises DNA sequence encoding 

to DHFR and a desired protein, or is co-transformed with a vector comprising a PNA sequence encoding 
DHFR and a vector comprising a DNA sequence encoding the desired protein. The transformed or co- 
transformed host cells are cultured In media containing Increasing levels of MTX. and those cells lines 
which survive are selected. 

A particularly preferred co-amplification system uses the gene for glutamlne synthetase (Q5), wnicn is 

r s responsible for the synthesis of glutamate and ammonia using the hydrolysis of ATP to ADP and P^nate 
to drive the reaction. GS Is subject to Inhibition by • variety of Inhibitors, for example methionine 
sulphoximine (MSX). Thus. TNF-R can be expressed m high concentrations by co-ampHtying ceMs 
transformed with a vector comprising the DNA sequence for GS and a desired protein, or co-transformed 
with a vector comprising a DNA sequence encoding QS and a vector comprising a DNA J**™™*™ 0 *"* 

so the desired protein, culturing the host cells in media containing increasing levels of MSX and selecting for 
surviving cells. The GS co-amplification system, appropriate recombinant •xprewkwr £^ f^ce' * 
are described in the following PCT applications: WO 87/04462. WO 89/01038. WO 89/10404 and WO 
66/05807 

Recombinant proteins are preferably expressed by oo*mpllffcatJon of DHFR or GS in a mammalian 
k host cell, such as Chinese Hamster Ovary (CHO) cells, or alternatively in a murine myelomacell line, such 
as SP2/0-Agl4 or NS0 or a rat myeloma cell line, such as YB2/3.0-Ag20. disclosed in PCT applications 
WO/89/10404 and WO 86/05807. 

A preferred eukaryotlc vector for expression of TNF-R DNA is disclosed below In Example 2. This 
vector, referred to as pCAV/NOT. was derived from the mammalian high expression vector pDCZOl ana 
oo contains regulatory sequences from SV40, adenovlrus-2, and human cytomegalovirus. 



Purification of Recombinant TNF-R 

SB Purified mammalian TNF receptors or analogs are prepared by culturing suitable host/vector systems to 
express the recombinant translation products of the DNAs of the present invention, which are then purified 

from culture media or cell extracts. . 

For example, supematants from systems which secrete recombinant protein Into culture media can be 
first concentrated using a commercially available protein concentration filter, for example, an Amlcon or 

40 Millipore Pellicon ultrafiltration unit Following the concentration step, the concentrate can be applied to a 
suitable purification matrix. For example, a suitable affinity matrix can comprise a TNF or lectin or antibody 
molecule bound to a suitable support Alternatively, an anion exchange resin can be employed, for example, 
a matrix or substrate having pendant dlethylamlnoethyl (DEAE) groups. The matrices can be acrylamlde. 
agarose, dextran. cellulose or other types commonly employed In protein purification. Alternatively, acation 

4S exchange step can be employed. Suitable cation exchangers Include various insoluble matrices comprising 
sutfopropyl or carboxymethyl groups. Sulfopropyl groups are preferred. 

Finally one or more reversed-phase high performance liquid chromatography (RP-HPLC) steps employ- 
ing hydrophobic RP-HPLC media, e.g.. silica gel having pendant methyl or other aliphatic groups, can be 
employed to further purify a TNF-R composition. Some or all of the foregoing purification steps, In various 

M combinations, can also be employed to provide a homogeneous recombinant protein. 

Recombinant protein produced In bacterial culture is usually Isolated by Initial extraction from cell 
pellets, followed by one or more concentration, salting-out. aqueous ton exchange or size exclusion 
chromatography steps. Finally, high performance liquid chromatography (HPLQ can be employed for final 
purification steps. Microbial cells employed In expression of recombinant mammalian TNF-R can be 

as disrupted by any convenient method, including freeze-thaw cycling, sonieetjon. mechanical disruption, or 

use of cell lyslng agents. _ J _ . ... . 

Fermentation of yeast which express mammalian TNF-R as a secreted protein greatly •implrfies 
purification. Secreted recombinant protein resulting from a large-scale fermentation can be purified by 
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methods analogous to those disclosed by Urdal et al. (J. Chromatog. 296:171. 1984). This reference 
describes two sequential, reversed-phase HPLC steps for purification of recombinant human GM-CSF on a 
preparative HPLC column. . 

Human TNF-R synthesized In recombinant culture is characterized by the presence of non-human cell 

e components. including proteins, in amounts and of a character which depend upon the purification steps 
taken to recover human TNF-R from the culture. These components ordinarily will be of yeast prokaryotc 
or non-human higher eukaryotJc origin and preferably are present m innocuous contamir^t quantises, on 
the order of less than about 1 percent by weight Further, recombinant cell culture enables the production of 
TNF-R free of proteins which may be normally associated wfth TNF-R as It ia found In nature In Ms spades 

to of origin, e.g. in cells, cell exudates or body fluids. 

Therapeutic Administration of Recombinant Soluble TNF-R 

rs The present Invention provides methods of using therapeutic composftJons comprising an effective 
amount of soluble TNF-R proteins and a suitable diluent and carrier, and methods for suppressing tnf- 
dependent Inflammatory responses in humans comprising administering an effective amount of soluble 

TNF ForttIerapeutic use. purified soluble TNF-R protein Is administered to a patient preferably a human, for 

so treatment in a manner appropriate to the Indication. Thus, for example, soluble TNF-R protein compositions 
can be administered by bolus Injection, continuous Infusion, sustained release from implants, or other 
suitable technique. Typically, a soluble TNF-R therapeutic agent will be administered In the form of a 
composition comprising purified protein in conjunction with physiologically acceptable carriers, exciplents or 
diluents. Such carriers will be nontoxic to recipients at the dosages and concentrations employed. 

a Ordinarily, the preparation of such compositions entails combining the TNF-R with buffers, antioxidants such 
as ascorbic acid, low molecular weight (less than about 10 residues) polypeptides, proteins, amino acids, 
carbohydrates Including glucose, sucrose or dextrins. chelating agents such as EDTA, glutathione and other 
stabilizers and exciplents. Neutral buffered saline or saline mixed with conspedfic serum albumin are 
exemplary appropriate diluents. Preferably, product is formulated as a fyophlllzate using appropriate 

X excipient solutions (e.g.. sucrose) as diluents. Appropriate dosages can be determined in trials. The amount 
and frequency of administration will depend, of course, on such factors as the nature and eeverity of the 
indication being treated, the desired response, the condition of the patient, and so forth. 

Soluble TNF-R proteins are administered for the purpose of Inhibiting TNF-dependent responses. A 
variety of diseases or conditions are believed to be caused by TNF. such as cachexia and septic shock. In 

as addition, other key cytokines (IL-1 . IL-2 and other colony stimulating factors) can also Induce significant host 
production of TNF. Soluble TNF-R compositions may therefore be used, for example, to treat cachexia or 
septic shock or to treat side effects associated with cytokine therapy. Because of the primary roles IL-1 and 
IL-2 play in the production of TNF. combination therapy using both IL-1 receptors or. IL-2 receptors may be 
preferred in the treatment of TNF-associated clinical indications. 

40 The following examples are offered by way of Illustration, and not by way of Bmitation. 

EXAMPLES 



45 



60 



Example 1 



Binding Assays 



A. Radiolabefing of TNFa and TNFfi. Recombinant human TNFo. In the form of a fusion protein 
containing a hydrophillc octapeplide at the N-terminus. was expressed In yeast as a secreted protein and 
purified by affinity chromatography (Hopp et al.. Biotechnology ftl204, 1988). Purified recombinant 
human TNF* was purchased from R&D Systems (Minneapolis. MN). Both proteins were radiolabeled 
using the commercially available solid phase agent IODO-GEN (Pierce). In this procedure. 5 ufl of 
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IODOGEN were plated at the bottom of a 10 x 75 mm glass tube and ^batedfor 20 rn.nu»esat 4 C 
with 75 ul of 0.1 M sodium phosphate. pH 7.4 and 20 ul (2 mCi) Na '»L Th.s soluton was th en 
Jansferred to a second glass tube containing 5 ug TNF. (or TNFfl in 45 ul PB ^or 20. rnmutes at 4 C 
The reaction mixture w« fractionated by gel filtration on a 2 ml ^ u ^^P h »^^!^ 
equilibrated in Roswell Park Memorial Institute (RPMI) 1 640 medium obtaining WW**™ 
2mm albumin (BSA), 0.2% (wAv) sodium ezide and 20 mM Hopes pH 7.4 (Mndhy»^ J*» fi £ 
Sol of «*I-TNF was diluted to a working stock solution of 1 x 10"' M In «na1ng^|um and stored for 
upto one month at 4'C without detectable toss of receptor binding activity. The specific actvity <s 

routinely 1x10* cpm/mmole TNF. . . . 

B. Binding to Intact Celts. Binding assays wtth intact cells were performed by two ™" 
method, cells were first grown either In suspension (e.g., U 937) or by adherence on tissue c^P>«» 
(e.g.. WI26-VA4. COS cells expressing the recombinant TNF receptor). Adherent cells ««re 
removed by treatment with SmM EDTA treatment for ten rninotesat37 degrees "J*B 
assays were then performed by a pthalate oil separation method (Dower et al.. J. ^ m ^J^^]\ 
iS) essentially £ described by Park et al. U Biol. Chem. 251:4177. 1M» Non^jecfflc Hndtog £ 
,as l-TNF was measured in the presence of a 200-fold or greater molar e«ess of unlabe ed TNF. Sodium 
azide (0.2%) was included in a binding assay to Inhibit Internalization of -l-TNF byceltejn .*m> second 
method. COS cells transfected with the TNF-R-containino plasmid ml expressing ™FmM on *• 
surface, were tested for the abinty to bind «I-TNF by the plate b.nd.ng assay described by Sims et al. 

fK^aSS Assays. The abiiity of TNF-R to be ^.y .jdsorbed to nJo-U-J- 

detergent extracts of human cells yet retain TNF-binding activity provided a means of detect _ng TNF R. 

Cell extracts were prepared by mixing a cell pellet wtth a 2 x volume of PBS containing 1% Tnton X-100 

and a cocktail of protease inhibitors (2 mM phenylmethyl surtonyl fluoride. 10 uMpepstrtnlOuM 

teupeptin. 2 mM o-phenanthroline and 2 mM EQTA) by vigorous 

*n ?ce for 30 minutes after which it was oentrifuged at I2.000x g for 15. iM»i< « I Cto 

and other debris. Two microliter eliquots of cell extracts were placed on dry BA85/2 > >*"*Mom 

membranes (Schleicher and Schueli. Keene. NH) and allowed to dry. The 

tissue culture dishes for 30 minutes In Tris (0.05 M) buffered sahne (0.15 M pH ^ "ntammg 3% w^ 
BSA to block nonspecific binding sites. The membrane was then covered with 5 x 10 M rTNr in 
pIs + wTbsA a£ incubated for 2 hr at 4*C with shaking. At the end of this time 9m membranes 
were washed 3 times in PBS. dried and placed on Kodak X-Omat AR film for 18 hr at -70 C. 

Example 2 



Isolation of Human TNF-R cDNA by Direct Expression of Active Protein in COS-7 Cells 

Various human cell lines were screened for expression of TNF-R based on their ability to bindJH- 
labeled TNF. The human fibroblast cell line WI-26 VA4 was found to W™*™"^"™**'* 
receptors per cell. Equilibrium binding studies showed that the cell line exhibited biptoslc binding of 
TNFwrth ^proximately 4.000 high affinity sites (K. - 1 x 10" M-) and 15.00 low affinity altes (K. - 1 x 

1 °* An un'size? cDNA library was constructed by reverse transcription of polyadenylatod mRNA isolated 
from total RNA extracted from human fibroblast WV26 VA4 cells grown In the presence P<**weed 
mtooen wing standard techniques (Gubler, et al.. Gene 2&263. 1983; Ausubel et al.. eds.. Current 
Ss" A/£cuev Biology. VoL 1. 1987). The cells were harvested by lyeing 
hydrochloride solution and total RNA isolated as previously desenbed (March, * «U Mtfunr 

Poly A* RNA was Isolated by oligo dT cellulose chromatography and double-stranded cDNA was 
prepared by a method similar to that of Gubler and Hoffman (Gene 25563.1983). Briefly, thepoly 'A RNA 
was converted to an RNA-cDNA hybrid by reverse transcriptase using oflgo dT as a primer. The ™A-cDNA 
hybrid was then converted into double-stranded cDNA using RNAase H In combination with DNA poiy- 
merase I The resulting double stranded cDNA was blunt^nded with T4 DNA polymerase. To the blunt- 
ended cDNA is added Ecoffl linker-adapters (having internal Wort sites) which were phosphorylated on onty 
one end (Invltrogen). The linker-adaptered cDNA was treated with T4 po^ucleotJde kinase to 
phosphorylate the s' overhanging region of the Wnker-edapter and unligated nnkers were removed by 
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running the cDNA over a Sepharose CL4B column. The Unker-adaptered cONA was Ugated to an equlmoiar 
concentration of Ecofrx cut and dephosphoryleted arms of bacteriophage *gt10 (Huynh et al, DNA Cloning: 
A Practical Approach, Glover, ed.. IRL Press, pp. 48-78). The Ugated DNA was packaged into phage 
particles using a commercially available kit to generate a Dbrary of recombinants (Stratagene Ctomng 

s 8ystems. San Diego. CA. USA). Recombinants were further amplified by plating phage on a bacterial lawn 
of E. coll strain c600(hfl~). . . . 

Phage ONA was purified from the resulting Xgt10 cONA Obrary and the cONA Inserts excised by 
digestion with the restriction enzyme Not\. Following electrophoresis of the digest through an agarose gel. 
cDNAe greater than 2.000 bp were Isolated. .. u/MnT woo 

to The resulting cONAs were Ugated Into the eukaryotic expression vector pCAV/NOT. which was 
designed to express cDNA sequences inserted at Its multiple cloning site when transfected Into mammalian 
cells. pCAV/NOT was assembled from pDC201 (a derivative of pMLSV. previously described tyCozman et 
al.. Nature 312: 768. 1984). SV40 and cytomegalovirus DNA and comprises, m sequence wtth the directon 
of transcription from the origin of replication: (1) SV40 sequences from coordinates 5171-270 Including the 

is origin of replication, enhancer sequences and early and late promoters; (2) cytomegalovirus ^y» nces 
including the promoter and enhancer regions (nucleotides 671 to +63 from the sequence pushed by 
Boechart et al. (Cell 41:621. 1985); (3) adenovlrus-2 sequences containing the first exon and pertot the 
intron between the first and second exons of the tripartite leader, the second exon and part of the thirdexon 
of the tripartite leader and a multiple cloning site (MCS) containing sites, for Xho1. Kpn1. Sma1. Notl and 

» Bgrx ; (4) SV40 sequences from coordinates 4127-4100 and 2770-2533 that Include the poryadenylation and 
termination signals for early transcription; (5) sequences derived from pBR322 and virus-associated 
sequences VAI and VAll of pDC20l. with adenovirus sequences 10532-11156 containing the VAI and VAII 
genes, followed by pBR322 sequences from 4363-2486 and 1094-375 containing the ampicillin resistance 
gene and origin of replication. 

2S The resulting WI-26 VA4 cDNA library In pCAV/NOT was used to transform £. CO// strain DH5a. and 
recombinants were plated to provide approximately 800 colonies per plate and sufficient plates to ' P«™«> 
approximately 50.000 total colonies per screen. Colonies were scraped from each plate, pooled, and 
plasmid DNA prepared from each pool. The pooled DNA was then used to transfect a sub-confluent layer of 
monkey COS-7 cells using DEAE-dextran followed by chloroqulne treatment, as described by Luthman et 

so al. (Nucl. Adds Res. 71:1295. 1883) and McCutchan et al. («/. Natl. Cancer Inst 4/351. 1986). The cells 
were then grown in culture for three days to permit transient expression of the inserted sequences. After 
three days, ceil culture supematants were discarded and the cell monolayers in each plate assayedfor TNF 
binding as follows. Three ml of binding medium containing 1.2 x 10~" M »*Habeled FLAG»-TNF was 
added to each plate and the plates incubated at 4* C for 120 minutes. This medium was then discarded 

x and each plate was washed once with cold binding medium (containing no labeled TNF) and twice with cold 
PBS The edges of each plate were then broken off. leaving a flat disk which was contacted with X-ray film 
for 72 hours at -70 *C using an intensifying screen. TNF binding activity was visualized on the exposed 
films as a dark focus against a relatively uniform background. 

After approximately 240.000 recombinants the library had been screened In this manner, one transfec- 

40 tant pool was observed to provide TNF binding fed which were clearly apparent against the background 

"^frozen ^ b£Cter1a fnm ^ positive pool was then used to obtain plates of approximately 150 
colonies. Replicas of these plates were made on nitrocellulose filters, and the plates were then scraped and 
plasmid DNA prepared and transfected as described above to Identify a positive plate. Bacteria from 

45 individual colonies from the nitrocellulose replica of this plate were grown in 02 ml cultures, which were 
used to obtain plasmid DNA. which was transfected Into COS-7 cells as described above. In this manner, a 
single clone, done 1. was Isolated which was capable of Inducing expression of human TNF-R in COS cells. 
The expression vector pCAV/NOT containing the TNF-R cDNA clone 1 has been deposited with the 
American Type Culture Collection. 12301 Parklawn Drive. Rockvllle. MD 20852. USA (Accession No. 68088) 

so under the name pCAV/NOT-TNF-R. on 6th Sept 1986. 

Examples 



Construction of cDNAs Encoding Soluble huTNF-RA235 
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A cDNA encoding a soluble huTNF-RA235 (having the sequence of amino acids 1-235 of Figure 2A) 
was conr c SdTy excising an 840 bp fragment from pCAV/NOT-TNF-R with *» ^ rt ^^ e » N .°" 
and Pvu2. Noll cuts at the multiple cloning site of pCAV/NOTTNF-R and Pvu2 ^ *» J*™ 
SinT^ion 20 nucleotides s' of me transmembrane region. In order to reconstruct the 3 and of the TNF- 
R^ue^s.^o Xnucleotides were synthesized and annealed to create the following oflgonucleotde 



Inker: 



Pvu2 BaaHl Bgl2 

CTGAAGGGAGCACTGGCGACI&A.GGATCCA 
GACTTCCCTCGTGACCGCTGATTCCTAGGTCTAG 
AlaGluGlySerthrClyAapfiad 



This oligonucleotide linker has terminal Pvu2 and Bgl2 restriction altos, r^^rates 20 nudeo^ of the 
TNF-R 9 followed by a termination codon (underlined) and a BamH1 ^^^^^^ 
faceting the entire soluble TNF-R by Notl/BamHl digestion)^., o .gonucleotide wi^^e 
840 bp Not1/Pvu2 TNF-R Insert Into Bgl2/Not1 cut pCAV/NOT to y to,d ^ ,huT H N ^^^^ ^22 
was transfected into COS-7 cells as described above. This expression vector Induced expression of soluble 
human TNF-R which was capable of binding TNF. 



Example 4 



Construction of cDNAs Encoding Soluble huTNF-RA185 

A cDNA encoding a soluble huTNF-RAl85 (having the sequence of amino acids 1-185 of Figure^ 2A) 
was constructed by excising a 640 bp fragment from pCAV/NOT-TNF-R wtlh 

and Bgl2. Not1 cui at the muttiple cloning site of pCAV/NO-TNF-R and Bg.2 cuts wtthin the TNP«eodlng 
region at nucleotide 637. which is 237 nucleotides 5 of the transmembrane region. The following 
oligonucleotide linkers were synthesized: 

Bol2 

5 • -GATCT6TAACGTOGTGOCCATCCCT0G0AATGCAAOCATGGATGC-3 • 
ACATTGCACCACCGGTAGGGACCCTTACGTTC6 
IleCysAanValValAlalleProGlyAanAlaSerMetAspAla 

Notl 

5'- AGTCTGCACGTCCACGTCCCCCACCCGGlfilGC -3* 

TACCTACGTCAGACGTGCAGGtGCAGGGGGTGGGCCACTCGCCGG 
ValCyaThrSerThrSerProThrArgEnd 

The above ofigonucleotide linkers reconstruct Ihe 3* end of ^J^^ 1 !^. to JlfSfSj |£ 
followed by a termination codon (underlined). These oligonucleotides were then Ugated the 640 bp 
5otTS.Fi ?n£rt into Notl cut pCAV/NOT to yield the expression ™^™™^™°J^™ 
was transfected into COS-7 cells as described above. This expression vector induced expression of soluble 
human TNF-R which was capable of binding TNF. 

Example 6 



Construction of cDNAs Encoding Soluble huTNF»RAi63 
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A cDNA encoding a soluble huTNF-RA163 (having the sequence of amino adds 1-163 of Figure 2A) 
was constructed by excising a 640 bp fragment from from pCAV/NOT-TNF-R with the restriction enzymes 
Notl and Bgl2 as described in Example 4. The following oligonucleotide linkers were synthesized: 

Bgl2 Notl 
5 1 -GATCTGTX&&GC -3' 
ACAACTCGCCGG 
IleCysEnd 

This above oligonucleotide Dnker reconstructs the 3 # end of the receptor molecule up to nucleotide 642 
(amino acid 163), followed by a termination codon (underlined). This oligonucleotide was then figated with 
the 640 bp Notl TNF-R Insert Into Notl cut pCAV/NOT to yield the expression vector 
psolTNFRAl 63/CAVNOT, which was transfected Into COS-7 cells as described above. This expression 
vector induced expression of soluble human TNF-R which was capable of binding TNF In the binding assay 
described in Example 1. 



Example 6 



Construction of cDNAs Encoding Soluble huTNF-RA142 



A cDNA encoding a soluble huTNF-RA142 (having the sequence of amino acids 1-142 of Figure 2A) 
was constructed by excising a 550 bp fragment from from pCAV/NOT-TNF-R with the restriction enzymes 
Notl and AlwNL AhvNl cuts within the TNF-R coding region at nucleotide 540. The following 
oligonucleotide linker was synthesized: 

Bgl2 Notl 
5 1 -CTGAAACATCAGACGTGGTGTGCAAGCCCTGTIiAA- 3 1 
CTTGXCTTTGTAGTCTOCACCACXCGTTCGGGACAXTTTCTAGA 

End 



This above oligonucleotide linker reconstructs the 3 # end of the receptor molecule up to nucleotide 579 
(amino acid 142). followed by a termination codon (underlined). This oligonucleotide was then Hgated with 
the 550 bp Not1/AlwNl TNF-R Insert Into Not1/BgI2 cut pCAV/NOT to yield the expression vector 
psorTNFRAl42'CAVNOT, which was transfected Into COS-7 cells as described above. This expression 
vector did not induced expression of soluble human TNF-R which .was capable of binding TNF. It Is 
believed that this particular construct failed to express biologically active TNF-R because one or more 
essential cysteine residue (e.g.. Cya 15T or Cys 1i3 ) required for Intramolecular bonding (for formation of the 
proper tertiary structure of the TNF-R molecule) was eliminated 



Example 7 



Expression of Soluble TNF Receptors In CHO Cells 



Soluble TNF receptor was expressed In Chinese Hamster Ovary (CHO) cells using the glutamine- 
synthetase (GS) gene amplification system, substantially as described In PCT patent application Nos. 
W0874>4462 and WO88/01036. Briefly, CHO cells are transfected with an expression vector containing 
genes for both TNF-R and GS. CHO cells are selected for GS gene expression based on the ability of the 
transfected ONA to confer resistance to low levels of methionine sulphoximlne (MSX). GS sequence 
amplification events in such cells are selected using elevated MSX concentrations In this way. contiguous 
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TNF-R sequences are also amplified and enhanced TNF-R expression is achieved. 

The\ector used in the GS expression system was psorTNFR/P6/PSVLGS. which was obstructed as 
follows. First, the vector pSVLGS.1 (described in PCT Appiication Nos. W^7/^2 and W0^1036. and 
available from CelKech. Ltd.. Berkshire. UK) was cut with the BamH1 reaction ^me »d dj- 
phosphorylated with calf intestinal alkaline phosphatase (CiAP) to prevent the v^r from re ig^ng to iu*lf 
The Bamm cut pSVL63.1 fragment was then ligated to . 2.4 ^ JamHI toBg^mjnt «T pEKhCMV 
(described in PCT Application No. WO89/01036. also available from Celltech) which ' *J2. 

BamHl and Fspl to .void two fragments of similar aire, to yield *^J™. 9 T? B 
D6/PSVIGS.1. pSVLGS.1 contains the glutamlne synthetase selectable marker gene under control of the 
S tater promoter. The BamHl to W fragment of pEEBhCMV contains ^ h ^^^ 0V ^ 
major immediate early promoter (hCMV). a polylinker. and **> SV40 eany M&«Y^*^™» 
coding sequences for soluble TNF-R were added to p6/PSVLGS.1 by excising a Notl to BamHl fragmem 
from ^expression vector psolTNFR/CAVNOT (made acting to Example 3 above). *JJf«J* 
Klenow and ilgating with Smal cut dephosphoryiated pB/PSvl.GS1. thereby jMg J^2™F* g*J 
sequences under the control of the hCMV promoter. This resulted in • singto P^^vecto r ta wNch *e 
8V40/GS and hCMB/soiTNF-R transcription units are transcribed in opposite directions. This vector was 

^Nf'rC^ to transfect CHC-K1 cel., (aveiiabie from ATCC. Roch^ MD. under 

accession number CCL 61) as follows. A monolayer of CHO-K1 cells were grown to ^nfluencym 
Minimum Essential Medium (MEM) 10X (Gibco: 330-1 581 AJ) without glutamlne and ^PPlemerrfed wt* 
10% diaiysed fetal bovine serum (Gibco: 22O6300AJ). 1 mM sodium pyruvate (Sigma). M ^ ~ n ^" on ^ 
amino acids (Gibco: 320-1 140AG). 500 uM asparaglne and glutamate (S.gma) and nucleosides (30 uM 
adenosine, guanosine. cytldlne and uridine and 10 uM thymWlne)(Slgma). rp M B»«.ioeui rsc 

Approximately 1 x 10« cells per 10 cm petri dish were transacted wtth 10 ug or psormFI^SVLGS 
by standard calcium phosphate precipitation, substantially as described by Graham * van der ^ «<*y 
5*456 (1983). Cells were subjected to glycerol shock (16% glycerol in serum-free « ™%™ *J 
approximately 1.5 minutes) approximately 4 hours after transection, substantially as 
Sams. Wology »T:39 (1978). and then washed with serum-free ™d^One day later, fr^cted arts 
were fed with fresh selective medium containing MSX at a final concentration MSX 
resistant surviving cells were visible within 3-4 weeks. Surviving colonies were ^^ fl to a ^ 
and allowed to grow to confluency in selective medium. Conditioned medium ^J**?*^™ 
then assayed for soluble TNF-R activity using the binding assay descnbed in Example 1 above. These 
assays Indicated that the colonies expressed biologically active soluble TNF-R. _ . 

In order to select for GS gene amplification, several MSX-resistant cell lines are transfected with 
psoUNFR^e/PSVLGS and grown in various concentrations of MSX. For each cell hne. W™™™* 1x10- 
cells are plated in gradually Increasing concentrations of 100 uM. 250 uM. 500 uM and 1 mM MSX and 
incubated for 10-14 days. After 12 days, colonies resistant to the higher levels of MSX appear The 
saving I colonies are assayed for TNF-R activity wing the binding m described above "-jgjl. 
Each of these highly resistant cell lines contains cells which arise from multiple Independert amplication 
events. From these calls lines, one or more of the most highly resistant cells lines are ^ated-Jhe 
amplified cells with high production rates are then cloned by limiting dilution ctorong. Mass ceil cultures of 
the transfectants secrete active soluble TNF-R. 

Example 8 



Expression of Soluble Human TNF-R in Yeast 



Soluble human TNF-R was expressed In yeast with the expression vector ^432. wm derived 
from the yeast expression vector piXY120 and piasmid P YEP352. prxVl20 Is Identical to pY«HuGM (ATCC 
53157). except that it contains no cDNA insert and includes a polylinker/multiple cloning site with a Ncol 

WStrt A Ct DNA it fragment encoding TNF receptor and suitable for cloning Into the yeast expression vector 
PIXY120 was first generated by polymerase chain reaction (PCR) amplification of the extracellular portonof 
the full length receptor from pCAV/NOT-TNF-R (ATCC 68088). The following primers were used In this PCR 
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amplification: 

g End Primer 

S • -TTCCGGTACCTTTGGATAAAASXGACTACAAGGXC 

A*p7ie->ProLeuAapLyaArgAspTyrI.yeA3p 

6ACGATGACAAGTTGCCCOCCCAGCTCOCATTTACA-3 * 
AapAapAapLya< TNT-R > 

V End Primer fmife««rt 

5 ' -CCCGGGATCCI2fl\GTCGCCAGTGCTCCCTTCAGCTGGG-3 ' 
BanHl>End< TWT- R > 



The 5 end oligonucleotide primer used in the amplification Included an Asp7l8 restriction site at It* 6 end. 
followed by nucleotides encoding the 3* end of the yeast o-factor leader sequence (Pro-Leu-Asp-Lys-Arg) 
and those encoding the 8 amino acids of the FLAG* peptide (AspTyrLysAspAspAspAspLys) fused to 

20 sequence encoding the 5' end of the mature receptor. The FLAG* peptide (Hopp et al.. Bio/Technology 
6:1204, 1988) Is a highly antigenic sequence which reverslbly binds the monoclonal antibody M1 (ATCC HB 
8258). The oligonucleotide used to generate the 3' end of the PCR-derlved fragment Is the antlsense 
strand of DNA encoding sequences which terminate the open reading frame of the receptor after nucleotide 
704 of the mature coding region (following the Asp residue preceding the transmembrane domain) by 

» introducing a TAA stop codon (underlined). The stop codon is then followed by a BamHl restriction arte. 
The DNA sequences encoding TNF-R are then amplified by PCR. substantially as described by Innis et al.. 
eds.. PCR Protocols: A Guide to Methods end Applications (Academic Press. 1890). 

The PCR-derived DNA fragment encoding soluble human TNF-R was subcloned Into the yeast 
expression vector P IXY120 by digesting the PCR-derived DNA fragment with BamHl and Asp718 restriction 

so enzymes, digesting P DCY120 with BamHl and Asp7l8. and ligatlng the PCR fragment Into the cut vector in 
vitro with T4 DNA ligase. The resulting construction (plXY424) fused the open reading frame of the FLAG»- 
soluble TNF receptor in-frame to the complete o-factor leader sequence and placed expression in yeast 
under the aegis of the regulated yeast alcohol dehydrogenase (ADH2) promoter. Identity of the nucleotide 
sequence of the soluble TNF receptor carried in p!XY424 with those In cDNA clone 1 were verified by DNA 

as sequencing using the dideoxynucteotide chain termination method. plXY424 was then transformed Into t. 
coll strain RR1. 

Soluble human TNF receptor was also expressed and secreted tn yeast In a second vector. This 
second vector Was generated by recovering the plXY424 plasmld from £ CO// and digesting with EcoR1 
and BamHl restriction enzymes to isolate the fragment spanning the region encoding the ADH2 promoter. 

40 the o-factor leader, the FLAGe-soluble TNF receptor and the stop codon. This fragment was ligated In vitro 
into EcoR1 and BamHl cut plasmld pYEP352 (Hill et al„ Yeast 2:183 (1888)). to yield the expression 
plasmld plXY432, which was transformed Into £.co// strain RR1 . . 

To assess secretion of the soluble human TNF receptor from yeast pDCY424 was purified and 
introduced into a diploid yeast strain of S. cerevlslae (XV2 181) by •lectroporatJon and selection for 

4s acquisition of the plasmid-bome yeast TRP1 * gene on media lacking tryptophan. To assess secretion of the 
receptor directed by pDCY432. the piasmid was introduced into the yeast strain PB149-6b by electroporatjon 
followed by selection for the plasmid-bome URA3* gene with growth on media lacking uracil. Overnight 
cultures were grown at 30* C in the appropriate selective media. The PB149-6b/plXY434 transformants were 
diluted into YEP-1% glucose media and grown at 30* C for 38-40 hours. Supematanta were prepared by 

so removal of cells by centrifugation. and filtration of aupematants through 0.45u fitters. 

The level of secreted receptor In the aupematants was determined by Immuno-dotblot Briefly. 1 ul of 
eupematants. and dilutions of the supematants. were spotted onto nitrocellulose filters end allowed to dry. 
After blocking non-specific protein binding with a 3% BSA solution, the filters were Incubated with diluted 
Ml anti-FLAQ® antibody, excess antibody was removed by washing and then dilutions of horseradish 

69 peroxidase conjugated anti-mouse IgG antibodies were incubated with the filters. After removal of excess 
secondary antibodies, peroxidase substrates were added and color development was allowed to proceed for 
approximately 10 minutes prior to removal of the substrate solution. 

The anti-FLAG* reactive material found In the supematants demonstrated that significant levels of 
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receptor were secreted by both expression systems. Comparisons domotistrated trurt^ p^432 ^rstem 
Z£« ^proximately frl6 times more soluble human TNF receptor than the f™*g™7* 
entente were assayed for soluble TNF-R activity, as described in Example I. by *«^J»»2 
«?TNF. and block TNF« binding. The p(XY432 supematants were found to contain significant levels of 
active soluble TNF-R. 



Example 9 
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Isolation of Murine TNF-R cDNAs 

Murine TNF-R cDNAs were Isolated from a cDNA library made from murine TBS ^e'>». «n antigen- 
dependent helper T cell line derived from. C57BU6 mice, by cross-sp^es hybridlzao^ - hun^NF- 
R probe. The cDNA library was constructed In XZAP (Stratagene, San Diego). tubstantJaiiy as oescnbed 
above in Example 2. by isolating polyadenylated RNA from the 7B8 cells. nnrftvimatalv 3 5 w, N ot1 

A double-stranded human TNF-R cDNA probe was produced by excismg «Jg"2^ 
fragment of the human TNF-R clone 1 and *P-labeling the cONA using random primers (Boehnnger 

^murine cDNA library was amplified once and a total of 90O00C 1 plaques 

tially as described In Example 2, with the human TNF-R cDNA probe. Approximately 21 

were purified, and the Bluescript plasmids containing EcoRl-linkored Insert* ^££2S^£ 

Diego). Nucleic acid sequencing of a portion of murine TNF-R clone 11 md.cated that t^^"fl «^« nce 

of tiW murine TNF-R was ,BB &l**Lmi22«**» to } K T^SS s SS^^SSJf- 
human TNF-R. A partial nuc Tertde sequence of ri^^f^^t^^rr^ set term ,n ngures «A-BU. 

Example 10 
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Preparation of Monoclonal Antibodies to TNF-R 

Preparations of purified recombinant TNF-R. for example, human TNF-R. or ******** *f* 
m^JmSL Woh leveta of TNF-R are employed to generate monoclonal antibodies against TNF-R using 
SL^loS; »ose disclosed^ U.S. Patent W~*£Z£~E o»er 
useful In interfering with TNF binding to TNF receptors, for example, in j°l C |u l WF 

undeslred effects of TNF. or as components of diagnostic or research assays for TNF or soluble TNF 

^Tlmmunlze mice. TNF-R Immunogen Is .mulled In complete Freund'. adjuvant and injected in 
amounts ranqino from 10-100 ug subcutaneous* Into Balb/c mice. Ten to twelve days later, the Immunized 
T^^S^JmmkKM immunogen emulsified In incomplete Freund's adjuvant and periodically 
b^^i^onTw^kiy to biwee^munlzation echedule. Serum samples are parity Uken 
bTS^Tbleeding or toil-tip excision for testing by dot-blot assay (antibody ^^ich) W EUSA 
fe y nryme-.inked Immunosorbent assay). Other assay procedures are ^^-^^^^^ 
appropriate antibody titer, positive animals are given an intravenous injection of antigen In saline. Three to 
^dC ^r ^"animals are sacrificed, sp..r*x*tes H.nrested.jjnd I fcsed to £^ » "f 
line NS1 Hybridoma cell lines generated by this procedure are plated in multiple microliter pWesinaHAT 
seTective medium (hypoxanthile. amlnopterin. and thymidine) to Inhibit proliferation of non-fused cells. 

"C^adones EZSSSZ be acreened by ELISA for reacts « TNF-R, for 
mJ$£ZX£ techniques disclosed by Engv*. at A. ^un*chw. ft87l (1971) , £d in U^Patem 
♦ 703 004 Positive clones are then injected into the peritoneal cavities of syngeneic Balb/c mice to produce 
2TSo high concentration. f>1 mg/ml) of anti-TNF-R monoclonal antibody. The resulting 
mo^lonTSbldy can be purified by ammonium sulfate precipitation followed by gel exclusion 
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chromatography, and/or affinity chromatography based on binding of antibody to Protein A of Staphylococ- 
cus aureus. 



s 



Claims 

1 An isolated DNA sequence encoding a biologically active mammalian TNF receptor (TNF-R) protein. 

2. An Isolated DNA sequence according to claim 1. selected from the group con^^^ rnorri .. n 
(a) cDNA clones having a nucleotide sequence derived from the coding region of • native mammalian 

' ro^sooUce. capable of hybridization to the clones of (a) under moderately stringent conditions 

(50* C. 2 x 3SC) and which encode biologically active TNF-R protein; and i-rw ^. ._ nari 

JcTdnA sequences which are degenerate as a result of the genetic code to the DNA sequences defined 
In (a) and (b) and which encode biologically active TNF-R protein. 

3. An isolated DNA sequence according to dalm 1 which encodes a soluble hurr^ TNF^proteh- 

4. An isolated DNA sequence according to claim 3. wherein the soluble human TN^R protein h^mino 
acid sequence comprises the sequence of amino acid residues 1-x of Figure 2A. wherein x Is selected from 
the group consisting of amino adds 163-235 _. u — ♦.t„ 

5. An isolated DNA sequence according to claim 3. wherein the soluble human TNFR protein comprises 

o the sequence of amino acids 1-235 of Figure 2A. ,„ Id< ^h *«, nraun 

6. A DNA sequence according to claim 5, wherein amino acid residue 46 Is "acted from the group 
consisting of lie and Thr and amino acid residue 118 Is selected from the group consisting of Val and lie. 

Y. An isolated DNA sequence according to claim 3. wherein the soluble human TNF-R protein comprises 
the sequence of amino adds 1-185 of Figure 2A. ™ c B rvrntmin ___ nr ;„, 

s 8. An isolated DNA sequence according to claim 3. wherein the soluble human TNF-R protein compnses 
the sequence of amino adds 1-183 of Figure 2A. ,. _ . . . « „ 

8. A recombinant expression vector comprising a DNA sequence according to any jm d f ctoms 1 * 

10. A process for preparing a biologically active mammalian TNF receptor (TNF-R) protein comprising 
cuituring a suitable host cell comprising a vector according to daim 8 under conditions promoting 

90 expression. 

11. A purified biologically active mammalian TNF receptor (TNF-R) protein. 

12. A purified biologically active soluble human TNF-R protein. „f .^inn 

13. A purified biologically active TNF-R protein according to claim 12. composing the sequence of amino 
add residues 1-235 of Figure 2A. , , „ - 

ss 14. A purified biologically active TNF-R protein according to claim 12. comprising the sequence of amino 

ts^urifTed bWog°ca«rac^e" TNF-R protein according to claim 12. comprising the sequence of amino 

add residues 1-163 of Figure 2A. i„ 

16. The use of a mammalian TNF-R protein In preparing a medicament for regulating Immune responses in 

* ™7/The*method of daim 18. wherein the TNF-R protein Is human TNF-R and the mammal to be treated is a 

1 arSe use of mammalian TNF-R protein In preparing • pharmaceutical composition suitable for parenteral 
administration to a human patient for regulating immune responses, 
jc 18 A orocess for detecting TNF or TNF-R molecules or the Interaction thereof, comprising use of a 
mamm^NF^ptcV protein, a soluble TNF receptor protein capable of binding TNF or aubstantially 

similar TNF-R analog produced by recombinant cell culture^ 

20. Antibodies ImmunoreactJve with mammalian TNF receptors. 

M Claims for the following Contracting State: ES 

1 A process for preparing a purified mammalian TNF receptor (TNF-R) protein, the process comprising 
coupling together successive amino add residues by the formation of peptide bonds to form a tnp-h 

M TlZ^ls according to daim 1 . wherein the TNF-R protein is a soluble human TNF-R protein 

3. A proces s^BCOTrding to claim 2. wherein the soluble TNF-R protein has an amino add jequence 
comprising the sequence of amino add residues 1-x of Figure 2A. wherein x is selected from the group 
consisting of amino adds 163-235. 
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4. A process according to claim 3. wherein the soluble TNF-R protein has an amio add sequence which 
comprises the sequence of amino acid residues 1-235 of Figure 2A. 

5. A process according to claim 3. wherein the soluble TNF-R protein has an amio acid sequence which 
comprises the sequence of amino acid residues 1-185 of Figure 2A. 

8. A process according to claim 3. wherein the soluble TNF-R protein has an amio acid sequence which 
comprises the sequence of amino acid residues 1-163 of Figure 2A. 

7. The use of a mammalian TNF-R protein In preparing a medicament for regulating Immune responses in 

B^ThTuse of e mammalian TNF-R protein In preparing a pharmaceutical composition suitable for parenteral - 
administration to a human patient for regulating Immune responses. 

9. A process for preparing a DNA sequence encoding a mammalian TNF receptor (TNF-R) protein, trie 
process comprising coupling together successive nucleotide residues. 

10. A process for preparing a DNA sequence according to claim 9. wherein the DNA sequence encodes a 
soluble human TNF-R protein. 

11. A process for preparing a DNA sequence according to claim 10. wherein the DNA seo^noeenoodes a 
soluble TNF-R protein having an amino acid sequence comprising the sequence of amino add residues 1-x 
of Figure 2A. wherein x is selected from the group consisting of amino adds 163-235. 

12. A process for preparing a DNA sequence according to daim 10. wherein the DNA sequence encodes a 
soluble TNF-R protein having an amio acid sequence which comprises the sequence of ammo acid 
residues 1-235 of Figure 2A. , 

13 A process for preparing a DNA sequence according to daim 10. wherein the DNA sequence encodes a 
soluble TNF-R protein having an amio add sequence which comprises the sequence of amino aod 
residues 1-185 of Figure 2A. 

14 A process for preparing a DNA sequence according to claim 10. wherein the DNA sequence encodes a 
soluble TNF-R protein having an amio add eequenoe which comprises the sequence of amino acid 
residues 1-163 of Figure 2A. 

15. A process for preparing a DNA sequence according to daim 8. said DNA being setected from the group 

consisting of: 

(a) cDNA clones having a nucleotide sequence derived from the coding region of a native mammalian 

SoNATOquences capable of hybridization to the dones of (a) under moderately stringent conditions 
(50 ' C. 2 x SSC) and which encode biologically active TNF-R protein: and 

(c) DNA sequences which are degenerate as a result of the genetic code to the DNA sequences defined 

in (a) and (b) and which encode biologically active TNF-R protein. 
16 A process for preparing a DNA sequence according to claim 9. said DNA encoding a TNF-R protein 
having the sequence of amino acids of the TNF-R protein expressed by pCAV/NOT-TNF-R (ATCC 68088). 

17. A process for prepering a recombinant expression vector, comprising Bgating bacterial, yeast or 
mammalian expression vector DNA and a DNA sequence encoding a human TNF-R protein sequence. 

18. A process for preparing a mammalian TNF-R or an analog thereof, comprising cutturlng a suitable host 
cell comprising a vector prepared according to claim 17 under conditions promoting expression. 

18 A process for detecting TNF or TNF-R protein molecules or the interaction thereof, comprising use of a 
mammalian TNF-R protein, a soluble TNF-R protein capable of binding TNF or substantially similar TNF-R 
analog produced by recombinant cell culture. 

20 A process for the preparation of antibodies Immunoresctlve with TNF receptor, the process comprising 
either (a) culturing a hybridoma cell expressing the sntlbodles and harvesting the antibodies, or (b) 
harvesting antibodies Immunoreactive with TNF receptor from an appropriately Immunised animal. 

Claims for the following Contracting State: GR 

1. An isolated DNA sequence encoding a biologically active mammalian TNF receptor (TNF-R) protein. 
2 An isolated DNA sequence according to claim 1. selected from the group consisting ot 

(a) cDNA clones having a nucleotide sequence derived from the coding region of a native mammalian 

TNF-R gene: , M 

(b) dna sequences capable of hybridization to the clones of (a) under moderately stringent conditions 
(50 ' C. 2 x SSC) and which encode biologically active TNF-R protein: and 

(c) DNA sequences which are degenerate as a result of the genetic code to the DNA sequences defined 
in (a) and (b) and which encode biologically active TNF-R protein. 

3. An isolated DNA sequence according to daim 1 which encodes a soluble human TNF-R protein. 
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4. An isolated DNA sequence according to claim 3. wherein the soluble human TNF-R protein has an amino 
acid sequence comprising the sequence of amino add residues 1-x of Figure 2A. wherein x is selected 
from the group consisting of amino adds 163-235 

5. An isolated DNA sequence according to claim 3. wherein the soluble human TNF-R protein comprises 
s the sequence of amino adds 1-235 of Figure 2A. ... 

6. An isolated DNA sequence according to claim 3. wherein the soluble human TNF-R protein comprises 
the sequence of amino adds 1-185 of Figure 2A. 

7. An Isolated DNA sequence according to dalm 3. wherein the soluble human TNF-R protein comprise* 

the sequence of amino adds 1-163 of Figure 2A. 
to 8. A DNA sequence according to dalm 3. wherein amino add residue 46 is aetected from the group 
consisting of lie and Thr and amino add residue 118 Is selected from the group consisting of Val and lie. 

8. A recombinant expression vector comprising a DNA sequence according to any one of claims 1-7. 

10 A process for preparing a purified mammalian TNF receptor (TNF-R) protein, the processjcomprislng 
coupling together successive amino add residues by the formation of peptide bonds to form a TNF-R 
16 polypeptide. . 

1 1 . A process according to claim 9, wherein the TNF-R protein Is a soluble human TNF-R protein. 

12. A process according to claim 11. wherein the soluble human TNF-R protein has add 
sequence comprising the sequence of amino acid residues 1-x of Figure 2A. wherein x Is selected from the 
group consisting of amino acids 163-235. 

so 13. A process according to claim 1 1 , wherein the soluble human TNF-R protein has an amio acid sequence 
which comprises the sequence of amino acid residues 1 -235 of Figure 2A. 

14. A process according to claim 11, wherein the soluble human TNF-R protein has an amio acid sequence 
which comprises the sequence of amino acid residues 1-185 of Figure 2A. 

15. A process according to claim 11. wherein the soluble human TNF-R protein has an amio acid sequence 
29 which comprises the sequence of amino acid residues 1-163 of Figure 2A. 

16. The use of a mammalian TNF-R protein in preparing a medicament for regulating immune responses in 

mammals^^ ^ ^ mammaIIan jnf.r p ro teln in preparing a pharmaceutical composition suitable for 
parenteral administration to a human patient for regulating Immune responses, 
so 18. Antibodies immunoreactive with mammalian TNF receptors. 
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(2) INFORMATION TOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1641 base paira 

(B) TYPE: nucleic acid 

(C) 8TRANDSONESS : single 

(D) TOPOLOGY: linear 

(il) MOLECULE TYPE: CONA to ORNA 
(ill) HYPOTHETICAL: N 
(iv) ANTI -SENSE: N 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo eapiena 

(G) CELL TYPE: Fibroblast 

(H) CELL LIN?: in -26 VA4 

(vii) IMMEDIATE SOURCE: 

<A) LIBRARY: WI-26 VA4 

(B) CLONE: 1 

(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 88,. 1473 
(D) OTHER INFORMATION: 

(ix) FEATURE: 

(A) NAME /KEY: mat_peptide 

(B) LOCATION: 88,. 1470 
(D) OTHER INFORMATION: 

(ix) FEATURE: 

(A) NAME/KEY: eigjeptide 

(B) LOCATION: 68*. 153 
(D) OTHER INFORMATION: 

(x) PUBLICATION INFORMATION: 

(A) AUTHORS: Smith , Craig A. 

Davia, Terri 
And* r a on, Dirk 
Solan, Liaabetb 
Becfcmann, M, P. 
Jerry, Rita 
Dower, 6teven K. 
Coaman, David 
Goodwin, Raymond G. 

(B) TITLE: A Receptor for Tumor Necroaia Factor Defines an 

Unueual Family of Cellular and Viral Proteins 

(C) JOURNAL: Science 
<D) VOLUME: 248 

(F) PAGES: 1019*1023 

(G) DATE: 25-MAY-1990 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
GCGAGGCAGG CAGCCTGGAG AGAAGGCGCT GGGCTGCGAG GGCGCGAGGG CGCGAGGGCA 

GGGGGCAACC GGACCCCGCC CGCATCC ATG GCG CCC GTC GCC GTC TGG GCC 

Met Ala Pro Val Ala Val Trp Ala 
1 5 

GCG CTG GCC GTC GGA CTG GAG CTC TGG OCT GCG GCG CAC GCC TTG CCC 
Ala Leu Ala Val Gly Leu Glu Leu Trp Ala Ala Ala His Ala Leu Pro 
10 15 20 
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GCC CAG GTG GCA TTT ACA CCC TAC GCC CCG GAG OCC GGG AGC ACA TGC 
£; oin Val Ala Phe Thr Pro Tyr Ala Pro Glu Pro Gly Ser Thr Cys 
25 30 35 



CGG CTC AGA GAA TAC TAT GAC CAG ACA OCT CAG ATG TGC TGC AGC AAA 
Arg Leu Arg Glu Tyr Tyr Asp Gin Thr Al* Gin Met Cys Cys Ser Lys 

* 45 50 33 

TGC TCG CCG GGC CAA CAT GCA AAA GTC TTC TGT ACC AAG ACC TCG GAC 
Cys Ser Pro Gly Gin His Ala X»s V.1 Phe Cys Thr Lys Thr Ser Asp 
60 « 70 

ACC GTG TGT GAC TCC TGT GAG GAC AGC ACA TAC ACC CAG CTC TGG AAC 
Thr Val Cys Asp Bar Cys Glu Asp Ser Thr Tyr Thr Gin Leu Trp Asn 
75 80 ■* 

TGG GTT CCC GAG TGC TIG AGC TGT GGC TCC CGC TGT AGC TCT GAC CAG 
Trp V»l Pro Glu Cys Leu Ssr Cys Gly Ser Arg Cys Ser Ser Asp Gin 

90 95 - 100 

GTG GAA ACT CAA GCC TGC ACT CGG GAA CAG AAC CGC ATC TGC ACC TGC 
Val Glu Thr Gin Ala Cys Thr Arg Glu Gin Asn Arg tie Cys Thr Cys 

105 HO H5 "° 

AGG CCC GGC TGG TAC TGC GCG CTG AGC AAG CAG GAG GGG TGC CGG CTG 
Aro Pro Gly Trp Tyr Cys Ala Leu Ser Lys Gin Glu Gly Cys Arg Leu 
X25 130 135 

TGC GCG CCG CTG CGC AAG TGC CGC CCG GGC TTC GGC GTG GCC AGA CCA 
Cyl £. Sro Leu Arg Lys Cys Arg Pro Gly Phe Gly Val Al. Arg Pro 
140 

GGA ACT GAA ACA TCA GAC GTG GTG TGC AAG CCC TGT GCC CCG GGG ACQ 
Gly Thr Glu Thr Ser Asp V.l Val Cys Lys Pro Cys Al. Pro Gly Thr 

* 155 160 165 

TTC TCC AAC ACG ACT TCA TCC ACG GAT ATT TGC AGG CCC CAC CAG ATC 
Pbe Ser Asn Thr Thr Ser Ser Thr Asp He Cys Arg Pro His Gin lie 

170 175 180 

TGT AAC GTG GTG GCC ATC CCT GGG AAT GCA AGC ATG GAT GCA GTC TGC 
Cys Asn Val Val Ala lie Pro Gly Asn Ala Ser Met Asp Ala Val Cys 
IBS 190 195 200 

ACG TCC ACG TCC CCC ACC CGG AOT ATG GCC CCA GGG GCA GTA CAC TTA 
Thr Ser Thr Ser Pro Thr Arg Ser Net Ala Pro Gly Ala Val Bis Leu 
205 210 * 13 

CCC CAG CCA GTG TCC ACA CGA TCC CAA CAC ACG CAG CCA ACT CCA GAA 
Pro Gin Pro Val Ser Thr Arg Ser Gin Bis Thr Gin Pro Thr Pro Glu 
220 225 *30 

CCC AGC ACT OCT CCA AGC ACC TCC TTC CTG CTC CCA ATG GGC CCC AGC 
Pre Ser Thr Ala Pro Ser Thr Ser Phe Leu Leu Pro Met Gly Pro Ser 
235 240 245 

CCC CCA OCT GAA GGG AGC ACT GGC GAC TTC GCT CTT CCA GTT GGA CTG 
So Pro Ala Glu Gly Ser Thr Gly Asp Phe Ala Leu Pro Val Gly Leu 
250 255 260 

ATT GTG GGT GTG ACA GCC TIG GGT CTA CTA ATA ATA GGA GTG GTG AAC 
Jie val Sly Val Thr Ala Leu Gly Leu Leu Xla Xle Gly val Val Asn 
265 2?0 2^3 2B0 



207 



255 



303 



351 



399 



447 



495 



543 



591 



639 



6B7 



735 



783 



831 



879 



927 
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975 



1023 



1071 



1119 



TGT GTC ATC ATG ACC CAG GIG AAA AAG AAG CCC TTG TGC CTG CAG AGA 
Cva Val lie Met Ihr Gin Val Lya Lya Lya Pro Leu Cya Leu Gin Axg 
2B5 290 *** 

GAA GCC AAG 6TG CCT CAC TTG CCT GCC GAT AAG GCC CGG GOT ACA CAG 
Glu a£ Lye Val Pro Hi. Leu Pro Ala Aap Lya Ala Axg Gly Thr Gin 
' 900 30* 310 

GGC CCC GAG CAG CAG CAC CTG CTG ATC ACA GCO COG AGC TCC AGC AGC 
Gly Pro Glu Gin Gin Hi. Lou Leu Xle Thr Ala Pro Ser Ser $er Bar 
J 315 320 325 

AGC TCC CTG GAG AGC TCG GCC AOT GCG TTG GAC AGA AGG GC6 CCC ACT 
iH Ser La« Glu Ser Bar Ala 6er Ala Leu Aap Arg Arg Ala Pro Thr 
330 335 340 

CGG AAC CAG CCA CAG GCA CCA GGC GTG GAG GCC AGT GGG GCC GGG GAG 1167 
£g Aan Gin Pro Gin Ala Pro Gly Val Glu Ala Bar Gly Al. Gly Glu 
345 350 355 36° 

GCC CGG GCC AGC ACC GGG AGC TCA GAT TCT TCC CCT GGT GGC CAT GGG 1215 
Ala Arg Ala Ser Thr Gly Sar Ser Aap Ser Ser Pro Gly Gly Hia Gly 
365 370 3/3 

ACC CAG GTC AAT GTC ACC TGC ATC GTG AAC GTC TGT AGC AGC TCT GAC 1263 
Thr Gin Val Aan Val Thr Cya lie Val Aan Val Cye Ser Ser Ser Asp 
360 385 3,0 

CAC AGC TCA CAG TGC TCC TCC CAA GCC AGC TCC ACA ATG GGA GAC ACA 13U 
Hia Ser Sar Gin Cya Sar Sar Gin Ala Sar Sar Thr Mat Gly Aap Thr 
395 400 405 

GAT TCC AGC CCC TCG GAG TCC CCG AAG GAC GAG CAG GTC CCC TTC TCC 1359 
Aap Sar Sar Pro Ser Glu Sar Pro Lya Aap Glu Gin Val Pro Pha Sar 
410 415 420 

AAG GAG GAA TGT GCC TTT CGG TCA CAG CTG GAG ACG CCA GAG ACC CTG 1407 
Lya Glu Glu Cy. Ala Pha Arg Sar Gin Lau Glu Thr Pro Glu Thr Leu 
425 430 435 440 

CTG GGG AGC ACC GAA GAG AAG CCC CTG CCC CTT GGA GTG CCT GAT GCT 1455 
Leu Gly Ser Thr Glu Glu Lya Pro Leu Pro Leu Gly Val Pro Asp Ala 
445 450 455 

GGG ATG AAG CCC AGT TAA CCAGGCCGGT GTGGGCTGTG TCGTAGCCAA 1503 
Gly Met Lya Pro Sar . 
460 

GGTGGGCTGA GCCCTGGCAG GATGACCCTG CGAAGGGGCC CTGGTCCTTC CAGGCCCCCA 1563 
CCACTAGGAC TCTGAGGCTC TTTCTGGGCC AAGTTCCTCT AGTGCCCTCC ACAGCCGCAG 1623 

1641 

CCTCCCTCTG ACCTGCAG 

(2) INFORMATION FOP. SEQ ID NO: 2: 

(i) SEQUENCE* CHARACTERISTICS: 

(A) LENGTH: 462 amino acids 
(8) TYPE: amino acid 
(O) TOPOLOGY: linear 
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Xii4 fWT.grmj yypg- prrntein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Mat XI. Pro val XI. Val Irp Ala Ala Leu Ala Val Gly Leu Glu Leu 
1 5 10 * 3 

Xrp Ala Ale Ale Hie Ala Pro Ala fila Val Xla Fhe thr Fro Tyr 

Ala Pro Glu Pro Gly Ser thr Cya Arg Lau Arg Glu Tyr tyr Aap Gin 
35 40 49 

Thr Ala Gin Mat Cya Cya Bar Lye Cya Ser Pro Gly Gin Hie Ala Lye 

50 55 «0 

val Phe Cya Thr Lya Thr Ser Aap Thr Val Cya Aap Ser Cya Glu Aap 

65 ™ 73 9V 

Ser Thr Tyr Thr Gin Leu Trp Aan Trp Val Pro Glu Cya Leu Ser Cya 
05 90 99 

Gly Sex Arg Cya Ser Ser Aap Gin Val Glu Thr Gin Ala Cya Thr Arg 
100 105 110 

Glu Gin Aan Arg He Cya Thr Cya Arg Pro Gly Trp Tyr Cya Ala Leu 
XlS t20 * 25 

Ser Lya Gin Glu Gly Cya Arg Leu Cya Ala Pro Leu Arg Lya Cya Arg 
130 135 140 

Pro Gly Phe Gly Val Ala Arg Pro Gly Thr Glu Thr Ser Aap val Val 
145 ISO "5 1«0 

Cya Lya Pro Cya Ala Pro Gly Thr Phe Ser Aan Thr Thr Ser Ser Thr 

1S5 170 17S 

Aap He Cya Arg Pro Hi. Gin He Cya Aan Val val Ala lie Pro Gly 

* 180 185 1*0 

Aan Ala Sex Mar Aap Xl* Val Cya Thr Ser Shr Sex Pro Thr Arg Ser 

195 200 *"5 

Met Ala Fro Gly Ala Val Hia Leu Fro Gin Fro Val Ser Thr Arg Ser 

210 215 220 

Gin Hia Vhx filn Fro Thr Fro Glu Fro Ser Thr Ala Pro Ser Thr Ser 
225 ™ **° 

Phe Leu Leu Fro Met Gly Fro Ser Fro Fro Ala Glu Gly Ser Thr Gly 
245 250 

Aap Phe Ala Leu Fro Val Gly Leu He Val Gly Val Thr TCLa Leu Gly 

260 265 270 

Leu Leu He He Gly Val Val Aan Cya Val He Met Thr Gin Val Lya 

275 280 285 

Lya Lya Pro Leu Cya Leu Gin Arg Glu Ala Lya Val Fro Hia Leu Fro 
290 295 300 
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Ala Asp Lys Ala Arg Gly Thr Gin Gly Pro Glu Gin Gin His Lou Lou 

lie Thr Ala Pro Sor Sor Sor Sor Sor 8er Lou Glu Sor Sor Ala Ser 

325 330 335 

Ala Lou Asp Arg Arg Ala Pro Thr Arg Aon Gin Pro Gin Ala Pro Gly 
340 345 350 

Val Glu Ala Ser Gly Ala Gly Glu Ala Arg Ala Ser Thr Gly Ser Ser 

355 360 365 

Asp Ser Ser Pro Gly Gly Bia Gly Thr Gin Val Aan Val Thr Cys XI* 
370 375 380 

Val Aan Val Cys Ser Ser Ser Asp His Ser Ser Gin Cys Ser Ser Gin 

385 390 3»5 « 00 

Ala Ser Ser Thr Met Gly Asp Thr Asp Ser Ser Pro Ser Glu Ser Pro 
405 410 415 

Lys Asp Glu Gin Val Pro Phe Sar Lys Glu Glu Cys Ala Phe Arg Ser 
420 «5 430 

Gin Leu Glu Thr Pro Glu Thr Leu Leu Gly Ser Thr Glu Glu Lye Pro 
435 440 445 

Leu Pro Leu Gly Val Pro Asp Ala Gly Met Lys Pro Ser . 
450 455 460 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3813 base pairs 

(B) TYPE: nucleic acid 
fC) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA to «RNA 

(iii) HYPOTHETICAL : N 

<iv) ANTI -SENSE: N 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: mouse 

(B) STRAIN: C57BL/6 

(G) CELL TYPE: T-helper cell 

(H) CELL LINE: 7B9 

(vii) IMMEDIATE SOURCE: 
(B) CLONE: 11 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 55.. 1479 
(D) OTHER INFORMATION: 

(ix) FEATURE: 

(A) NAME/KEY: mat ^peptide 

(B) LOCATION: 55.. 1476 
(D) OTHER INFORMATION: 
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(ix) FEATURE: 

(A) NAME /KEY: aig_pepti.de 

(B) LOCATION: 55.. 120 

(D) OTHER INFORMATION: 



<xi) SEQUENCE DESCRIPTION: 8EQ ZD MO: 3: 
CGCAGCTGAG GCACTAGAGC TCCAGGCACA AGGGCGGGAG CCACCGCTGC COCT MS 

1 

GCGCCCGCC«»CTCT<M6rC«»CTCGTCTTC^TOCMCTCTQ0 
Si Pro Al. Ala Leu Trp V.l Al« Leu Val Phe Olu Leu Gin Leu Trp 
5 10 13 

GCC ACC GGG CAC ACA GTG CCC GCC CAG GTT GTC TIG ACA CCC TAC AAA 
Ala Thr Gly Hia Thr V.1 Pro Ala Gin Val Val Leu Thr Pro Tyr Lys 

20 25 30 

CCG GAA CCT GGG TAC GAG TGC CAG ATC ICA CAG GAA TAC TAT GAC AGG 
Pro Glu Pro Gly Tyr Glu Cya Gin He Ser Gin Glu Tyr Tyr Asp Arg 
35 40 45 

AAG GCT CAG ATG TGC TGT GCT AAG TGT CCT CCT GGC CAA TAT GTG AAA 
Lys Ala Gin Met Cys Cys Ala Lys Cys Pro Pro Gly Gin Tyr V.l Lys 
50 55 <° M 

CAT TTC TGC AAC AAG ACC TCG GAC ACC GTG TGT GCG GAC TGT GAG GCA 

His Ph. Cys Asa Lys Thr Ser Asp Thr Val Cys Ala Asp Cys Glu Al. 

70 1* 90 

AGC ATG TAT ACC CAG GTC TOO AAC CAG TTT CGT ACA TGT TTG AGC TGC 
Ser Met Tyr Thr Gin val Trp Asn Gin Phe Arg Thr Cys Leu Ser Cys 

85 90 99 

AGT TCT TCC TGT ACC ACT GAC CAG GTG GAG ATC CGC GCC TGC ACT AAA 
Ser Ser Ser Cye Thr Thr Asp Gin Val Glu Xle Arg Ala Cya Thr Lys 

100 no 

CAG CAG AAC CGA GTG TGT GCT TGC GAA GCT GGC AGG TAC TGC GCC TTG 
Gin Gin Asn Arg Val Cya Ala Cys Glu Ala Gly Arg Tyr Cys Ala Leu 
115 120 "5 

AAA ACC CAT TCT GGC AGC TGT CGA CAG TGC ATG AGG CTG AGC AAG TGC 
Lys Thr Hi. Ser Gly Ser Cys Arg Gin Cys Met Arg Leu Ser Lys Cy. 

GGC CCT GGC TTC GGA GTG GCC AGT TCA AGA GCC CCA AAT GGA AAT GTG 

Sy Pro Gly Ph. Gly V.1 Ala Ser Ser Arg Al. Pro Asn Gly Asn v.l 

* 150 155 *•» 

CTA TGC AAG GCC TGT GCC CCA GGG ACG TTC TCT GAC ACC ACA TCA TCC 
25 Cys Lys £. Cy. Al. Pro Gly Thr Phe Ser Asp Thr Thr Ser Ser 

165 170 173 

ACT GAT GTG TGC AGG CCC CAC CGC ATC TGT AGC ATC CTG GCT ATT CCC 
iS Asp val Cys Arg Pro Hi. Arg II. Cy. Ser II. Leu Al. U. P«o 
180 I 85 " 



57 
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777 



825 



GGA AAT GCA AGC ACA OAT GCA GTC TGT GCG CCC GAG TCC CCA ACT CTA 681 
Oly Aan Ala Ser Thr Aap Ala Val Cya Ala Pro Glu Ser Pro Thr Leu 
195 200 205 

AST GCC ATC CCA AGG ACA CTC TAC GTA TCT CAG CCA GAG CCC ACA ASA 729 
Ser Ala Xle Pro Arg Thr Leu tyr Vel Ser Sin Pro Olu Pro Thr Arg 
210 21$ 220 225 

TCC CAA CCC CTG SAT CAA GAS CCA G6S CCC AOC CAA ACT CCA ASC ATC 
Ser Gin Pro Leu Aap Gin Glu Pro Gly Pro Ser Gin Thr Pro Ser XI* 
230 235 2*0 

CTT ACA TCG TTG GST TCA ACC CCC ATT ATT GAA CAA AST ACC AAG GGT 
Leu Thr Ser Leu Gly Ser Thr Pro Xle Xle Glu Gin Ser Thr Lya Gly 
245 250 255 

GGC ATC TCT CTT CCA ATT GST CTG ATT GTT GGA GTS ACA TCA CTG GGT 873 
Gly XI* S*r Leu Pro XI* Sly L*u XI* Val Gly Val Thr 8er L*u Gly 
260 265 270 

CTG CTG ATS TTA GGA CTS 8TS AAC TSC ATC ATC CTG GTS CAS AGS AAA 921 
Lou Leu M«t L*u Sly Leu Val Aan Cya XI* XI* Leu Val Sin Arg Lye 
275 280 285 

AAG AAS CCC TCC TGC CTA CAA ASA GAT GCC AAG GTS CCT CAT OTG CCT 969 
Lye Lya Pro Ser Cya Leu Gin Arg Aap Ala Lye Val Pro Hla Val Pro 
290 295 300 305 

GAT GAG AAA TCC CAG GAT GCA GTA GGC CTT GAG CAG CAG CAC CTG TTG 1017 
Asp Glu Lya Ser Gin Aap Ala Val Gly Leu Glu Gin Gin Hia Leu Leu 
310 315 320 

ACC ACA GCA CCC AGT TCC AGC AGC AGC TCC CTA GAG AGC TCA GCC AGC 1065 
Thr Thr Ala Pro Ser Ser Ser Ser Ser Ser Leu Glu Ser Ser Ala Ser 
325 330 335 

GCT GSS SAC CGA AGG GCG CCC CCT GGG GGC CAT CCC CAA GCA AGA GTC 1113 
Ala Gly Aap Arg Arg Ala Pro Pro Sly Gly Hla Pro Gin Ala Arg Val 
340 343 350 

ATG GCG GAG GCC CAA GGG TTT CAG GAG GCC CGT GCC AGC TCC AGG ATT 1161 
Met Ala Glu Ale Gin Gly Phe Gin Glu Ala Arg Ala Ser Ser Arg Xle 
355 360 365 



TCA GAT TCT TCC CAC GGA AGC CAC GGG ACC CAC GTC AAC GTC ACC TGC 1209 
Ser Aap Ser Ser Hia Gly Ser Hia Gly Thr Hia Val Aan Val Thr Cya 
370 375 380 385 

ATC GTG AAC GTC TGT AGC AGC TCT GAC CAC ACT TCT CAG TGC TCT TCC 1257 
Xle Val Aan Val Cya Ser Ser Ser Aap Bis Ser Ser Gin Cya Ser Ser 
390 395 400 

CAA GCC AGC GCC ACA GTG GGA GAC CCA GAT GCC AAG CCC TCA GCG TCC 1305 
Gin Ala Ser Ale Thr Val Gly Asp Pro Asp Ala Lya Pro Ser Ala Ser 
405 410 415 

CCA AAG GAT GAS CAG. GTC CCC TTC TCT CAG GAG GAG TGT CCG TCT CAG 1353 
Pro Lye Aap Glu Gin Val Pro Phe Ser Gin Olu Glu Cya Pro Ser Gin 
420 42S * 30 
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TCC CCG TGT GAG ACT ACA GAG ACA CIO CA6 AGC CAT GAG AAG CCC TTG 
Ser Pro Cya Glu Thr Thr Glu Thr teu Gin Sar Hia Glu tya Pro Leu 
435 440 445 

CCC CTT GGT GTG CCG GAT ATG GGC ATG AXG CCC AGC CAA GCT GGC TGG 

Leu Gly Val Pro Aep Hat Gly Mat Ly. Pro 8«r Gin Al. Gly Trp 
450 4SS 4 «° 

TTT GAT CAG ATT OCA OTC AAA OTG GCC TCA CCCCTGACAG GGGTAACACC 
Phe Asp Gin lie Ala Val lya Val Ala . 

470 475 

CTGCAAAGGG ACCCCCGA6A CCCTGAACCC ATGGAACTTC ATGACTTTTG CTOGATCCAT 

TTCCCTTAGT GGCTTCCAGA OCCCCAGTTG CAGGTCAAGT CAGGGCTGAG ACAOCTAQAG 

TGGTCAAAAA CTGCCATGGT GTTTTATGGG 03CAGTCCCA OGAAOTTGTT OCTCTTCCAT 

GACCCCTCTG GATCTCCTGG GCTCTTGCCT GATTCTTGCT TCTGAGAGGC CCCAGTATTT 

TTTCCTTCTA AGGAGCTAAC ATCCTCTTCC ATGAATAGCA CAGCTCTTCA GCCTGAATGC 

TGACACTGCA GGGCGGTTCC AGCAAGTAGG AGCAAGTGGT GGCCTGGTAG GGCACAGAGG 

CCCTTCAGGT TAGTGCTAAA CTCTTAGGAA GTACCCTCTC CAAGCCCACC GAAATTCTTT 

TGATGCAAGA ATCAGAGGCC CCATCAGGCA GAGTTGCTCT GTTATAGGAT GGTAGGGCTG 

TAACTCAGTG GTCCAGTGTG CTTTTAGCAT GCCCTGGGTT TGATCCTCAG CAACACATGC 

AAAACGTAAG TAGACAGCAG ACAGCAGACA GCACAGCCAG CCCCCTGTGT GGTTTGCAGC 

CTCTGCCTTT GACTTTTACT CTGGTGGGCA CACAGAGGGC TGGAGCTCCT CCTCCTGACC 

TTCTAATGAG CCCTTCCAAG GCCACGCCTT CCTTCAGGGA ATCTCAGGGA CTGTAGAGTT 

CCCAGGCCCC TGCAGCCACC TGTCTCTTCC TACCTCAGCC TGGAGCACTC CCTCTAACTC 

CCCAACGGCT TGGTACTGTA CTTGCTGTGA CCCCAACGTG CATTOTCCGG GTTAGOCACT 

6TSAGTTGGA ACAGCTCATG ACATCGGTTG AAAGGCCCAC CCGGAAACAG CTAAGCCAGC 

TCTTTTGCCA AAGGATTCAT GCCGGTTTTC TAATCAACCT GCTCCCTAGC ATTGCCTGGA 

AGGAAAGGGT TCAGGAGACT CCTCAA6AAG CAA6TTCAGT CTCAGGTGCT TGGATGCCAT 

GCTCACCQAT TCCACTGGAT ATGAACTTGG CAGAGGAGCC TAGTTGTTGC CATGGAOACT 

TAAAGAGCTC AGCACTCTGG AATCAAGATA CTGGACACTT GGGGCCGACT TGTTAAGGCT 

CTGCAGCATC AGACTGTAGA GGGGAAGGAA CACGTCTGCC CCCTGGTGOC CCGTCCTGGG 

ATGACCTCGG GCCTCCTAGG CAACAAAAGA ATGAATTGGA AAGGATGTTC CTOGGTGTOG 

CCTAGCTCCI GTGCTTGTGT GGATCCCTAA AGGGTOTOCT AAGGAOCAAT TGCACTGTOT 

GCTGGACAGA ATTCCTGCTT ATAAATGCTT TTTGTTGTTG TTTTGTACAC TGAGCCCTGG 

CTGAGCCACC CCACCCCACC TCCCATCCCA CCTTTACACO CCACTCTTGC ATGAGAACCT 

CGCTGTCTCC CACTTGTAGC CTGTGGATGC TGAGGAAACA CCCAGCCAAG TAGACTCCAG 

OCTTGCCCCT ATCTCCTOCT ATGAGTCTGG CCTCCTCATT GTGTTGTGCG AAGGAGACGG 



1401 
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1499 

19S9 

1619 

1679 

1739 

1799 

1859 

1919 

1979 

2039 
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2999 

3059 
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3813 



GTTCTGTCAT CTCGGAACGC CCACACCGTG GATGTGAACA ATGGCTGTAC TAGCTTAGAC 3119 

CAGCTTAGGG CTCTGCATAT CACAGGAGGG GGAGCAGGGA ACAATTTGAG TGCYGACCTA 3179 

TAACACAGTT CCTAAAGGAT CGGGCAGTCC AGAATCTCCT CCTTCAGTGT GTGTGTGTCT 3239 

GTGTGTGTGT GTGTGTGTGT GT3TGT0TGT CCATGTTTGC ATGTATGTGT GTOCCAOTGT 3299 

OTGGAGGCCC GAGGTTGGCT TTGG6TGTGT TTGATCACTC TCCAGTTACT GAGGCGGGCT 3359 

CTCATCTGTA CCCAOAGCTT GCACATTTTC tAGTClAACT TGATTCAOOG ATCTCTGTCT 3419 

GCCTATGGAG GTGCTCAGGT TACAGGCAGG CTGCCATACC TGCCCGACAT ITACATGAAT 3479 

ACTAGAGATC TGAATTCTGG TCCTCACACT TGTATACCTG CATTTTATCC ACtAAGACAT 3S39 

CTCTCCAAGG GCTCCCCCTT CCXATTTAAT AAGTIAGTTI TGAACTGGCA AGATGGCTCA 3599 

GTGGGTAAGG CAGTTTGCGG ACAAACCTGA TGACCTGAGT TGGATCCCTG ACCATAAGGT 3659 

AGAAGAGACC IGATTCCTGC AAGTTGTCCT CTGACCACCA CCCCATACAT GCTTCTGCAT 3719 

ATGTGCACAC ATCACATTCT TGCACACACA CTCACATACC ATAAATGTAA TAAATTITTT 3779 
TAAATAAATT GATTTTATCT TTIAAAAAAA AAAA 
(2) INFORMATION FOR 8EQ ZD NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 475 amino acids 

(B) TYPE: amino acid 
(0) TOPOLOGY: linaaz 

(ii) MOLECULE TYPE: protain 

(xi) SEQUENCE DESCRIPTION: 8EQ ZD NO: 4: 

Met Ala Pro Ala Ala Leu Trp Val Ala Leu Val Phe Glu Leu Gin I*u 
15 10 15 

Trp Ala Thr Gly His Thr Val Pro Ala Gin Val Val Leu Thr Pro Tyr 
20 25 30 

Lye Pro Glu Pro Gly Tyr Glu Cya Gin lie Sar Gin Glu Tyr Tyr Asp 
35 40 45 

Arg Lys Ala Gin Met Cya Cya Ala Lye Cya Pro Pro Gly Gin Tyr Val 

50 55 «0 

Lya Ris Phe Cya Asn Lya Thr Ser Asp Thr Val Cys Ala Asp Cya Glu 

65 10 75 80 

Ala Ser Mat Tyr Thr Gin Val Trp Asn Bin Phe Are; Thr Cys Leu Ser 
85 80 85 

Cya Ser Ser Ser Cya Thr Thr Asp Gin Val Glu lie Arg Ala Cys Thr 

100 105 U0 

Lys Gin Gin Asn Arg Val Cys Ala Cys Glu Ala Gly Arg Tyr Cys Ala 
115 120 125 
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Leu Lya Thr Hia Ser Oly Ser Cya Arg Gin Cya Met Arg Leu Ser lya 



130 135 140 



Cya Oly Pro Oly Phe Oly VI XI. Ser St Arg Ui Pro Asn Gly Aan 

145 150 135 

Vti uu eye Lya Ala Cya Ala Pro Oly Thr Phe Sar Asp thr Thr Bar 

165 170 i#a 

St Thr Aap v.1 Cy. Arg Pro Hia Arg lie Cya Ser He LJJJ Ala Xle 



ISO 



185 



Pro Oly Aan Ala St Thr Aap Ala Val Cya Ala Pro Glu S.r Pro Thr 

195 200 awa 

leu Sar Ala He Pro Arg Thr leu Tyr Val Sar Gin Pro Olu Pro Thr 

210 215 220 

Arg Sar Gin Pro Leu Aap Gin Glu Pro Gly Pro Ser Gin Thr Pro Ser 



225 



230 



II. Leu Thr Sar Leu Gly Ser Thr Pro lie lie Glu Gin Ser Thr Lya 
245 250 *" 

lie Gly Leu lie V.1 Gly V.1 Thr Ser Leu 



265 



270 



Gly Gly lie Ser Leu Pro 
260 

Gly Leu Leu Met Leu Gly Leu Val Aan Cya lie He Leu v.l Gin Arg 

275 280 ZB3 

Lya Lya Lya Pro Ser Cya Leu Gin Arg Aap Ala Lya Vel Pro Hia Vel 
' 290 295 300 

Pro Aap Glu Lya Ser Gin Aap Ala vel Oly Leu Olu Gin Gin Hi. Leu 
305 310 318 

8«r Ser Ser Leu Olu Ser Ser Al. 



330 



335 



Leu Thr Thr Ala Pro Ser Ser Ser 
325 

Ser Al. Gly Aap Arg Arg Al. Pro Pro Oly Oly Hi. Pro Gin Al. Arg 

340 545 a ' w 

Val Met Ala Glu Ala Gin Gly Phe Gin Glu Ala Arg Ala Ser Ser Arg 
355 360 363 

He Ser Aap Ser Ser Hia Gly Ser Hla Gly Thr Hia Vel Aan Val Thr 



370 



Ser Ser Aap Hia Ser Ser Gin Cya Ser 

400 



Cya He V.1 Aan Val Cya Ser 
385 380 3*5 

8er Gin Al. S.r Al. Thr V.1 Gly Aap Pro Aap AU Lya Pro Ser Ala 
405 410 

Ser Pro Lya Aap Olu Gin V.1 Pro Phe Ser Gin Glu Glu Cy. Pro Ser 

420 425 
Ola Ser Pro Cya Olu Thr Thr Olu Thr Leu Oln Ser Hia Olu Lya Pro 



435 



440 



Leu Pro Leu Gly V.1 Pro Aap Met Gly Met Lya Pro Ser Gin Al. Gly 
450 «S5 4 «° 
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Trp Phe Asp Oln He Al« V«l Ly» V»l Al» . 
465 470 4^5 
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OCGAGGCAGGCAGCCTGGAGAGAAGGCG 28 

Mat Ala Pro Val Ala Val Trp Ala Ala L*u Ala val Oly ua Glu » 

CtC TOG OCT OCG OCG CAC GCC TTO CCC OCC CAG OTO OCA TTI ACA 17* 

Lau Trp Ala Ala Ala Hia Ala lAU. fro Ala Ola Val Ala lk« Thr • 

<XCTACG<XCCGGAGCCCOGGAGCACATGCCCGCTCAGA6^TAC 222 

Pre tyr Ala Pro Glu Pro Oly tar Thr Cya Arg imu Arg Olu Tyr « 

TAT OAC CAO ACA OCT CAO AT9 TOC TOC AOC AAA TGC TCO CCO GGC 267 

Tyr Asp Ola Thr Ala Ola Mat Cya Cya tar Lya Cya Car Pro Oly *» 

CAA CAT OCA AAA OTC TTC TOT ACC AAG ACC TCO OAC ACC OTO TOT 312 

Gla Hia Ala Lys Val Pha Cya Thr Lys Thr Bar Aap Thr Val Cya w 

SAC TCC TOT GAG OAC AGCACA TAC ACC CAG CTC TOG AAC TOO OTT 357 

Asp Sar Cys Olu Asp sar Thr Tyr Thr Ola lau Trp Aaa Trp Val « 

CCC GAG TOC TTO AGC TOT OOC TCC CGC TOT AOC TCT OAC CAO OTO 
Pro Glu Cys Lau Sar Cys Oly Sar Arg Cya Sar Sar Aap Ola Val 

GAA ACT CAA OCC TGC ACT CGC OAA CAG AAC CGC ATC TOC ACC TOC 
Glu Thr Gla Ala Cya Thr Arg Glu Ola Aaa Arg Zl* Cya Thr Cya 

AGG CCC GGC TGG TAC TOC GCG CTO AGC AAG CAG GAG GOG TGC COO 492 

Arg Pro Gly Trp Tyr Cys Ala Lau Sar Lya Ola Glu Oly Cya Arg lis 

CTG TGC GCG CCG CTG CGC AAO TOC CGC CCO OOC TTC OOC CTO OCC 337 

Lau Cys Ala Pro Lau Arg Lya Cya Arg Pro Gly Ph* Oly val Ala 128 

AGA CCA GGA ACT OAA ACA TCA OAC OTO OTO TOC AAO CCC TOT OCC 582 

Arg Pro Oly Thr Olu Thr Sar Aap Val Val Cya Lya P*e Cya^a 143 

CCG GGG ACO TTC TCC AAC ACQ ACT TCA TCC ACQ OAT ATT TOC AGO 
Pro Gly Thr Ph* Sar Aaa Thr Thr S*r S*r Thr Aap XI* Cya Arg 



402 
83 

447 
98 



€27 
159 



CCC CAC CAG ATC TGI AAC OTO OTO OCC ATC CCT 006 AAT OCA AOC 672 
Pro Bis Gla Zl* Cys Asa Val Val Ala XI* Pro Oly Aaa Ala S*r 173 

ATG GAT GCA CTC TGC ACO TCC ACO TCC CCC ACC COG ACT ATC GCC 717 
Mat Asp Ala val Cya Thr Sar Thr S*r Pro Thr Arg^Sar Mat Aia 

CCA GGG OCA OTA CAC TTA CCC CAG CCA OTO TCC ACA CGA TCC CAA 
Pro Oly Ala Val Hia Lou Pro Ola Pro Val Sar Thr Arg Sar Ola 

CAC ACG CAO CCA ACT CCA GAA CCC AOC ACT OCT CCA ACC ACC TCC 
Hia Thr Ola Pro Thr Pro Olu Pro S*s Thr Ala Pro S*r Thr S*r 

TTCCTOCTCCCAATOOGCCCCAOCCCCCCAOCTOMCOOAOCACT J52 
Ph* Lau Lau Pro Mat Oly Pro Sar Pro Pro Ala Olu Oly S*r Thr 233 

OOC GAC TTC OCT CTT CCA OTT OGA CTC ATT CTO OCT OTO ACA OCC 897 
61y x,p r ^ 11, t„„ p~ »1" t„.. T1« val OW Val Thr Ala 248 

T 



188 

762 
203 

807 
218 
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967 
278 

1032 



1077 
908 



TTG GGT CTA CTA ATA ATA GGA OTO GTG AAC TGT GTC ATC ATO ACC 9*2 
ff g ^ r!* tT:. T ^ ti. r,« vlT ,.i ~™ »a1 T1« Met Thr 263 

C^CTGAAAAAGAACCCCTIOXOCCXOCAOASAeiAOWAAOOrO 
nm v.i lys Lys byo Pro Lou Cys Lot» Gin Arg Ola Alo lyo vol 

OCT CAC TTG OCT OCC CAT AAO OCC 006 GOT ACA CAG OGC CCC OAG 
Pro Hit Lou Pro Alt Asp Lys Ala Arg Oly Thr Ola Oly Pro Olu 293 

CAGCAGCACCTGCrGATCACAOCOCCOAOCTCCAOCAOCAGCTCC 
Gin Gin His X«u Lau Xlo Thr Ala Fro 8«r Bar Bar Sor Sor Sor 

CTG GAG AGC TCG GCC ACT GOG TTG GAC AGA AGG GCG CCC ACT CGG 1122 
Lau Olu 8ar Sar Ala Sar Ala Lau Asp Arg Arg Ala Pro Thr Ar* w 

AAC CAG CCA CAG OCA CCA GGC GTG GAG OCC AGT GGG GCC GGG GAG il«7 
Asn Gin Pro Gin Ala Fro Giy Val Glu Ala 8or Gly Ala Gly Olu 338 

GCC CGG GCC AGC ACC GGG AGC TCA GAT TCT TCC CCT GGT GGC CAT 1212 
Ala Arg Ala Sar Thr Gly Sar Sar Aap 8or 8or Pro Oly Oly His »3 

GGG ACC CAG GTC AAT GTC ACC TGC ATC GTG AAC GTC TGT AGC AGC 
Gly Thr Gin Val Asn Val Thr Cys Xlo Val Aan Val Cya Sor Sor 

TCT CAC CAC AGC TCA CAG TGC TCC TCC CAA GCC AGC TCC ACA ATG 
Sor Aap Rla Sor Sor Gin Cy» Sor Sor Gin Ala Sor Sor Thr Mot 

CGA GAC ACA GAT TCC AGC CCC TCG GAG TCC CCG AAG CAC GAG CAG 1347 
Gly Aap Thr Asp Sor Sor Pro Sor Glu Sor Pro Lyo Aap Clu Cln 3*8 

GTC CCC TTC TCC AAG GAG GAA TGT GCC TTT CGG TCA CAG CTG GAG 1392 
Val Pro Phe Ser Lys Glu Glu Cys Ala Pho Arg Sor Gin Lou Olu 413 

ACG CCA GAG ACC CTG CTG GGG AGC ACC GAA GAG AAG CCC CTG CCC 1437 
Thr Fro Glu Thr Lou Lou Gly Sor Thr Glu Glu Lyo Pro Lou Pro 428 

CTT GGA GTG CCT GAT GCT GGG ATO AAG CCC AGT l JJJ 
Lou Gly Vol Pro Asp Ala Gly Mot Lys Pro Sor 

TAACCAGGCCGGTGTGOGCTGTGTCGTAGCCAAfiOTGOOCTGAGCCCTGGCAGGATCAC 
CCTGCGAAGGGGCCCTGGTCCTTCCAGGCCCCCACCACTAGGACTCTGAGGCTCTTTCT 
GGGCCAAGTTCCTCTAGTGCCCITCCACAGCCGCAGCCTCCCTCTGACCTGCAG . . . 



1257 
368 

1302 
383 



EP 0 418 014 A1 



rirnirt a* 

CeCAGCTGAGGCACTAGAGCTCC 
MOOOU*^^ ATG GCG CCC GCC GCC CTC TOG _75 

©MGCGCTGOTCTTCOAACTGCAOCTOTGGGCCACCOGOCACACA 
S5 £a Su vS Fta Olu Uu Gin tau Trp IU Thr Oly lis «* -1 

£tl Fro Ala Gin Val Val Uu Thr fro Tyr Lys **o Clu Pro Gly 



23 

75 
16 

120 



165 
15 

210 
30 



AC GAG TGC CAG ATC TCA CAG GAA TAC TAT GAC AGG AAG OCT CAQ 
Tyr Glu Cy. Gin Xla Sar Gin Glu Tyr Tyr tap Arg tya Ala Gin 

ATG TGC TGT OCT AAG TGT CCT CCT GGC CAA TAT GTG AAA CAT TTC 255 

Mat Cya Cya Ala Lye Cya Pro Pro Gly Gin Tyr Val tya Hla Pha 45 

TSC AAC AAG ACC TCG GAC ACC GTG TGT GCG GAC TGT GAG GCA AGC 300 

Cyl JiS Ly? E IS Aap Thr Val Cy. Ala Aap Cy. Glu Ala 3ar 60 

ATG TAT ACC CAG GTC TGG AAC CAG TTT CGT ACA TGT TTG AGC TGC 345 

Mat Tyr Thr Gin Val Trp tan Gin Pha Arg Thr Cy. tau Sar Cya 75 

AGT TCT TCC TOT ACC ACT GAC CAG GTG GAG ATC CGC GCC TGC ACT 390 

tar tar Sar Cya Thr Thr Aap Gin Val Glu Ila Arg Ala Cya Thr 90 

AAA CAG CAG AAC CGA GTG TGT OCT TGC GAA OCT GGC AGO TAC TgC 435 

ty. Gin Gin Aan Arg Val Cya Ala Cya Glu Ala Gly Arg Tyr Cya w 

GCC TTG AAA ACC CAT TCT GGC AGC TGT CGA CAG TGC ATG AGO CTG 
Ala tau X-ya Thr Hi. Sar Gly Sar Cya Arg Oln Cy. Mat Arg Lau 

AGC AAG TGC GGC CCT GGC TTC GGA GTG GCC AGT TCA AGA OCC CCA 525 

Sar Ly. Cy. Gly Pro Gly Pha Gly V.1 Ala Sar Sar Arg Ala Pro 135 

AAT GGA AAT GTG CTA TGC AAG GCC TGT OCC CCA GGG ACG TTC TCT 570 

A.n Gly tan Val Lou Cy. ly Ala Cya Ala Pro Oly Thr Pha Sar 150 

GAC ACC ACA TCA TCC ACT GAT GTG TGC AGG CCC CAC CGC ATC TGT 615 

Aap Thr Thr Sar Sar Thr tap Val Cya Arg Pro Hia Arg Ila Cya 165 

660 
180 



480 

120 



AGC ATC CTG GCT ATT CCC GGA AAT GCA AGC ACA GAT GCA GTC TGT 
Sar Xla tau Ala Ila Pro Gly Aan Ala tar Thr tap Ala Val Cya 

GCG CCC GAG TCC CCA ACT CTA AGT GCC ATC CCA AGG ACA CTC TAC 
Ala Pro Glu Sar Pro Thr tau Sar Ala Xla Pro Arg Thr tau Tyr 

CTA TCT CAG CCA GAG CCC ACA AGA TCC CAA CCC CTG OAT CAA GAG 
55 IS Sn Pro Glu Pro Thr Arg Sar Oln Pro tau tap Oln Glu 

CCA GOG CCC AGC CAA ACT CCA AGC ATC CTT ACA TCG TTC COT TCA 795 
Pro Oly Pro tar Oln Thr Pro tar Xla tau Thr Sar tau Oly tar '*« 

ACC CCC ATT ATT GAA CAA AGT ACC AAG OCT GGC ATC TCT CTT CCA 
iS £o XI. Glu Sn tar Thr Tyfl filY filV Tit StT Pro 240 

ATT GOT CTG ATT GTT GGA GTG ACA TCA CTG GOT CTG CTG ATG TTA 885 
t" ™ T i r« «»- T «" mv **" Tl *" Mwr teu 255 



705 
195 

750 
210 



225 
•40 
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GGA CTG 


GTG 
YaX. 


AAC 


TCC TOC 
Ser Cyo 


CTA 
Leu 


CAA 
Gin 


AAA TCC 
lya Ser 


CAG 
Ola 


OAT 
Aap 


ACA CCA 
Thr Ala 


CCC 
Pro 


ACT 
Mt 


OCT 0G6 
Alt Gly 


GAC 
Aap 

mmm r 


OQA 
Axg 


CTC ATG 
Val Met 


OCG 
Ala 


GAG 
Olu 


AGG ATT 
Arg Xle 


TCA 
Ser 


GAT 
Aap 


GTC ACC 
Val Thr 


TGC 
Cya 


ATC 
lie 


CAG TCC 
Gin Cya 


TCT 
Ser 


TCC 
Ser 


AAG CCC 
liya Pro 


TCA 
Sar 


OCG 
Ala 


GAG GAG 
Glu Glu 


TCT 
Cya 


CCC 
Pro 


CAG AGC 
Gin Sar 


CAT 
Hia 


GAG 
Glu 


ATG AAG 
Mat Lya 


CCC 
Pro 


AGC 
Ser 


CTG CCC 
Val Ala 







930 
270 

975 
285 

1020 
300 

1065 
315 

1110 
330 

1155 
345 

1200 
360 

1245 

375 

1290 
390 

1335 
405 

1380 
420 

1425 
435 

1470 
450 

1476 
452 



1536 
1596 
1656 



TGACCCCTCACA«^AACACCCTQCAAA<^C^ 

2?J?aq^t»gcctgXt(OT»^^ "2! 

SSSc^TAoScACAGAWCCTTCAW «»« 



TCTGTTA' 



2016 
2076 



OTTTGATCCTCA0CAACACATGCAAAACGXAA0TA0ACAOCA0ACA0CAQA.CAGCACACC 

^^^TOTGCTT^GCWCT<»CTTTGACTTTTACTCTOO^^ 2136 

§^gSgCTCCtSc^CCTTCTW^ 2196 

eGAATCTCAGGGACTGTAGAGTTCCCAGGCCCCTGCAGCCACCTGTCT^ 2256 

SJ^GCAcTWTCTJUiCTCC^C^ 2316 

~l^~^Z^lVZl~~~*«r^r-%r>rr^n^ 2556 
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CCTGG<KiCCQACTTGTTAA<XjCTCTGCAGCATCAGACTCT W| 

ACTT<»TTCA<^TCTC?CTCTGCCTAT<^^ »«• 

S^S^»TraTCAGT<reTAA<^ 3«6 

AG^CXSATCCCTGACCATAA^^ •«•• 
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